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Abstract
This paper reflects on how sustainability is being interpreted both theoretically and in 
practice for the primary extraction industries. Two contrasting perspectives can be 
adopted: one states that continued extraction of non-renewable resources is a 
necessary part of sustainable development, whilst the other states that extraction of 
these resources must be greatly reduced or even eliminated. It is shown that these 
different approaches can be traced back to underlying, often unarticulated, 
assumptions about the acceptability of trade-offs between different societal goals; 
attitudes towards uncertainties in scientific analysis and the reliability of management 
systems; and the perceived appropriateness of system boundaries at different 
conceptual scales. These assumptions are founded in the self-perception of 
organisations and individuals about their roles in society, and the cultural context 
within which these organisations and individuals define their raison d ’etre.
Running Title: Theory and Practice of Sustainability
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1. Introduction
Sustainable development is one of the key phrases of the 1990s, increasingly used by 
governments, companies and other types of organisations to describe their activities 
and guide their policymaking activities. However, actual definitions of sustainable 
development and - a term often used interchangeably with sustainable development - 
sustainability, have been a subject of much debate, and consensus on their meanings 
seems unlikely in the near future. It is likely that greater consensus will emerge over a 
period of time as organisations and individuals actively seek to implement their 
perceptions about sustainability through strategic decision-making processes. In other 
words, rather than a priori definition(s) of sustainability, it seems that de facto 
definition(s) are likely to emerge in the next few years. As a starting point in this 
paper, however, we adopt the famous Brundtland Definition of sustainable 
development as “development that meets the needs of the present without 
compromising the ability of future generations to meet their own needs” (WCED 
1987, p. 43).
One area of human activity where this process of defining sustainable development 
and sustainability, and integrating it into strategic decision-making is occurring at the 
present time is the primary extraction industries (Cragg, 1998)). Appropriate 
management of non-renewable resources extracted by this sector of the economy has 
been one of the key issues in debates about sustainability. Reasons include the finite 
nature of non-renewables which inevitably raises the issue of inter-, as well as intra-, 
generational access to these resources; the diverse environmental impacts associated 
with their extraction and use; the economic importance of the primary extraction 
industries in some countries; and the social impacts (both positive and negative) on 
local communities associated with mining activities.
It is therefore informative to reflect on how sustainability is being interpreted both 
theoretically and in practice for these industries, which is the focus of this paper. In an 
earlier contribution to this debate, Tilton (1996) argued that two different paradigms 
explain perspectives on resource depletion, and these in turn allow inferences about 
sustainable development. Interestingly, he argued that adherence to the two paradigms 
can be aligned with different academic disciplines. Ecologists, engineers and other 
scientists are concerned about the irreversible exhaustion of finite resources: the 
Fixed Stock Paradigm. Tilton identified the Opportunity Cost Paradigm as being 
predominantly adopted by economists; in this paradigm, through resource 
substitution, recycling and technological progress, the life expectancy of resources is 
so large that their depletion is virtually no problem. By limiting the debate to the 
economic effects of using finite resources, Tilton presents an interesting argument, but 
one which ultimately does not contribute to the socio-ethical debate around the 
primary extraction industries and their sustainability. In contrast, it is intended that 
this paper contributes towards a greater understanding about definitions of sustainable 
development and sustainability for societies of the future.
2. Interpreting Sustainability for the Primary Extraction Industries
Although there is no consensus on the meaning of sustainable development or 
sustainability, there is common acceptance that it involves consideration of both
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environmental, economic and social aspects1. These aspects can be represented as 
shown in Figure 1, adapted from a paper published in 1987 (Barbier, 1987). It shows 
that concerns in all three lobes must be addressed in order for sustainable 
development to take place -  represented by the shaded area where all three lobes 
intersect. Barbier describes these lobes as representing three different systems which 
each have their own unique set of human-ascribed goals. According to Barbier, then, 
the objective of sustainable development is to maximise goal attainment across all 
these systems through an adaptive process of trade-offs. Here, we use the term 
“sustainable development” to describe the process of moving towards a sustainable 
society, i.e. moving towards the shaded area in the diagram. The term “sustainability” 
is used to describe the theoretical situation when a society is located within the shaded 
area in the diagram. It is theoretical because there is no consensus on the 
characteristics of a sustainable society and so, even if such a society exists, it will not 
be recognised and acknowledged as sustainable by everyone2.
Figure 1. Aspects of Sustainable Development
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Source: adapted from Barbier, 1987; Cowell etal., 1997.
Following these descriptions of the terms sustainable development and sustainability, 
it can be seen that their use to describe human activities and organisations is 
dependent upon some perceived common understanding of the defining characteristics 
of a sustainable society. If this were not the case, one could not use the terms because 
they would be meaningless. For evaluating what sustainability means for society, it is 
useful to focus on one particular set of human activities and organisations, and 
examine perceptions about the defining characteristics of a sustainable society as 
revealed by the use of these terms to describe specific aspects of the activities and 
organisations (Lele, 1991). Extraction of non-renewable resources from the Earth* s 
crust provides a good case study because this particular activity is generally 
recognised as a key issue in the sustainability debate. In particular, this paper
1 See, for example, the UK Government’s Consultation Paper, “Sustainable Development: Opportunities for 
Change. Consultation Paper on a Revised UK Strategy” (DETR, 1998).
2 One might argue that an exception are remote tribes (such as the Siberian nomads and Amazonian rainforest 
people) that have existed and maintained a stable culture over hundreds of years. However, even the sustainability 
of these societies may be questioned when indicators such as average life-spans are used to assess sustainability. In 
these cases, the continued existence of the society may arguably be viewed as a necessary but not sufficient 
condition for sustainability.
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addresses the question, “Can continued extraction of minerals and metals from the 
Earth’s crust be regarded as a legitimate part of sustainable development leading to a 
sustainable society?” Minerals are defined here as non-metallic industrial minerals, 
and metals are defined as metals in all forms (metallic minerals, compounds, 
solutions, alloys, etc.) (after Government of Canada (GoC), 1996, Section 1).
In reviewing the literature, it has been noted that, similarly to Tilton (1996), two 
contrasting perspectives can be adopted. However, the explanations underlying these 
perspectives are distinct from those suggested by Tilton because they draw on 
ecological, social and economic aspects. They are thus more comprehensive than the 
primarily economic explanation offered by Tilton. One perspective states that 
continued, and even expanding, extraction of non-renewable resources is a necessary 
part of sustainable development activities. The other states that extraction of these 
resources must be greatly reduced or even eliminated in the process of moving 
towards sustainable societies, i.e. a characteristic of sustainable development must be 
a reduction in extraction of non-renewable resources. These two contrasting 
perspectives are well exemplified by two initiatives that have taken place in the 
1990s. One is Canada’s Minerals and Metals Policy, and the other is The Natural Step 
as a “framework for sustainability.” They are described below, and compared to gain 
some insights into definitions of sustainability.
The minerals and metals industry is particularly important to Canada. According to 
1997 figures, it employs almost 3% of the national working population, and is the 
economic foundation for about 150 communities in Canada’s rural and northern 
regions. In the country, almost 60% of the volume of rail and intra-coastal freight is 
associated with the mineral and metals industry. About 80% of extracted minerals are 
exported to over one hundred countries around the world, and trade in mineral and 
metal products contributes 29% of the national trade surplus (GoC, 1996; Shinya, 
1998).
In November 1996, Canada released a new federal policy titled The Minerals and 
Metals Policy o f the Government o f Canada: Partnerships for Sustainable 
Development (GoC, 1996). This replaced the former policy published in 1987, The 
Mineral and Metal Policy o f the Government o f Canada, 1987 (GoC, 1987). It was 
the outcome of a consultation process that involved governments, industry and other 
stakeholders, and also built upon an industry-inspired multi-stakeholder initiative 
called the Whitehorse Mining Initiative. This latter initiative aimed to develop a new 
vision of mining that was socially, economically and environmentally sustainable, 
prosperous, and underpinned by political and community consensus (Shinya, 1998).
The .policy document aims to set out “a strategy for the sustainable development of 
the Canadian minerals and metals sector” (GoC, 1996, Foreword). It describes 
sustainable development in the context of minerals and metals as incorporating the 
following elements (GoC, 1996, Section I):
(1) Finding, extracting, producing, adding value to, using, re-using, recycling and, 
when necessary, disposing of mineral and metal products in the most efficient, 
competitive and environmentally responsible manner possible, utilising best 
practices.
PP 1 -  Sustainability and the Primary Extraction Industries: Theories and Practice
Engineering Doctorate in Environmental Technology. Sustainable Development and the Global Mining Industry
P.W. Argust, Rio Tinto /  Borax
(2) Respecting the needs and values of all resource users, and considering those needs 
and values in government decision-making.
(3) Maintaining or enhancing the quality of life and the environment for present and 
future generations.
(4) Securing the involvement and participation of stakeholders, individuals and 
communities in decision-making.
Based on these elements, the policy sets out six objectives for the minerals and metals 
policy:
(1) Implementing a sustainable development approach to decision-making
(2) Ensuring the competitiveness of Canada’s minerals and metals industry
(3) Promoting products, markets and stewardship
(4) Promoting Aboriginal involvement in minerals and metals activities
(5) Fostering innovation through science and technology
(6 ) Providing international leadership in the implementation of sustainable 
development of the minerals and metals industry.
The elaboration of these objectives in the document shows that issues associated with 
each of the lobes in Figure 1 are being addressed in the context of sustainable 
development. Furthermore, throughout the document there is a presumption that 
continued mining of minerals and metals is consistent with sustainable development. 
Indeed, the Government commits itself to “promote the development of innovative 
exploration methods that will help industry discover the deeply buried ore-bodies 
needed to sustain production in existing mining districts” (GoC, 1996, Section VI). 
Shinya (1998, p. 101), in describing Canada’s new policy, argues that “a sustainable 
minerals and metals industry also requires that new mineral deposits be discovered 
and developed to meet global demand and to ensure that future generations have the 
ability and opportunity to develop new mineral deposits in the future.”
A contrasting perspective is put forward in The Natural Step framework. This 
framework has been developed from a process (called “The Natural Step”) begun in 
1989 in Sweden where scientists attempted to identify points of consensus regarding 
definition of sustainability. This led to the formulation of four non-overlapping 
criteria for sustainability (called “System Conditions” in Robert et al., 1997). These 
state that, in order for a society to be sustainable, nature’s functions and diversity 
must not be systematically (Holmberg, 1998):
(1) Subject to increasing concentrations of substances extracted from the earth’s crust.
(2) Subject to increasing concentrations of substances produced by society.
(3) Impoverished by over-harvesting or other forms of ecosystem manipulation.
And:
(4) Resources must be used fairly and efficiently in order to meet basic human needs 
world-wide.
For this paper, the first criterion is most relevant. Holmberg (1998) suggests that this 
criterion means that, as a general rule, deviations in concentrations of substances 
away from the natural state should not be allowed when they are large compared with 
natural fluctuations in concentration. In particular, these deviations should not be 
allowed to increase systematically. He suggests this means that society must decrease
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its economic dependence on dissipative use of scarce metals and fossil fuels. This 
theoretical perspective can be linked with related assessment methods such as Ayres' 
Indicators of unsustainability, a classical "Distance to Target" measure (Ayres, 1996).
Robert et al. (1997) go further in their interpretation of this criterion, suggesting that 
“in practical terms, in relation to today’s situation, the consequences are: radically 
decreased use of fossil fuels, and mining -  particularly of scarce elements that are 
accumulating already today, e.g. cadmium.” Later on, they say, “today, the flows of 
matter and energy in the whole civilisation have far exceeded the restrictions defined 
by each System Condition. This means, that for the whole of civilisation to become 
sustainable, all participants should systematically phase out their direct or indirect 
demands on mining of scarce metals and fossil fuels (System Condition 1).”
These two perspectives, then, use the term sustainable development as justification for 
two quite different strategies. The Government of Canada supports continued mining 
of minerals and metals whereas at least one interpretation of The Natural Step is that 
society should decrease its economic dependence on these substances. Why, then, 
have these differences in interpretation arisen? And what do they tell us about the 
unarticulated perspectives that underlie the sustainability agenda? Using Tilton’s 
(1996) explanation, the Government of Canada has a perspective similar to the 
Opportunity Cost Paradigm, whilst The Natural Step is aligned with the Fixed Stock 
Paradigm. However, the perspectives outlined above focus on the role of the resource 
extraction industries in society, in addition to the resources themselves, and thus 
encompass a wide range of policy implications that cannot be explained by economic 
theories alone.
In the next section, four dimensions that help to explain the differences in the two 
perspectives are introduced. The first is related directly to Figure 1, and concerns 
relative weighting of the ecological, economic and social aspects of sustainability. 
The second concerns how one deals with uncertainty in setting criteria for 
sustainability (uncertainty in both scientific understanding of environmental problems 
and in risk management). The third and fourth dimensions are related to the relevant 
scale of analysis to be used in assessing sustainability: this may be a geographical, 
organisational, material/product life cycle or a time scale.
3. Underlying Differences In Approaches To Sustainability
3.1 Relative Weighting of Ecological, Economic and Social Aspects
Part of the reason for the different interpretations of the term sustainability for 
extraction of minerals and metals is related to the emphasis put on the different 
aspects of sustainability shown in Figure 1. The Natural Step approach focuses mainly 
on physical and natural science-based aspects (called “ecological” here), and indeed is 
promoted as being rooted in the most basic laws of science (Robert et al., 1997). The 
approach described in Canada’s Minerals and Metals Policy, as interpreted by Shinya 
(1998), emphasises economic and social aspects in addition to ecological aspects. 
According to one’s assessment of the relative importance of these aspects (i.e. 
ecological versus economic versus social aspects), one may regard minerals extraction 
as more or less sustainable. Current research that aims to make these trade-offs
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explicit includes a linear-progamming based method to develop different weightings 
for environmental, social and ethical aspects of sustainability (Tyteca, 1999).
This way of interpreting conflicting perceptions about the sustainability of the 
minerals and metals extraction industry is backed up by the interpretation of 
development of this sector in Hodges (1995). She summarises the history of the 
minerals extraction industries throughout the world, and suggests that whereas the 
economic argument used to be sufficient to justify mining activities, now a wider 
range of issues must be balanced in developing an argument for these activities, a 
point that has also been made by Rondinelli and others for Alcoa (Rondinelli and 
Vastag, 1999). Hodges goes on to suggest that the key to acceptability of mining 
operations in the future, many of which will be in developing countries, is for these 
countries’ governments to levy mineral rents that are fed back into domestic welfare 
and environmental sustainability initiatives. In other words, the economic benefits of 
these activities must be (partially) translated into ecological and social benefits. This 
is very similar to interpreting sustainable development from a neo-classical economic 
perspective (Pearce & Turner, 1990); (Lele, 1991); Tilton, 1996)
An earlier real-life example of this transition in delivery of benefits away from a focus 
on purely economic to include ecological and social aspects is shown by the Weipa 
case study (Howitt, 1992). Howitt explains how the mining company Comalco 
originally had a strategic priority of developing a new and profitable export industry 
at Weipa in Australia (in the 1950s). Subsequently, the company became involved in a 
wide range of initiatives in partnership with the Napranum community including 
promotion of direct employment opportunities, funding of research into the viability 
of aquaculture in the area, and training and development of people. The Napranum 
people have also seen co-operation with Comalco as a way of pursuing political 
campaigns against state policies and legislation. Thus they have used the situation to 
pursue their own social, economic, political and cultural goals. In other words, the 
continued existence of the mining operations at Weipa has involved a transition away 
from focusing on purely economic aspects by Comalco towards consideration of a 
wider range of economic, ecological and social aspects related to the Napranum 
people. This in turn implies the need for strong socio-cultural linkages in the 
development path (Cemea, 1993). Dorian et a l argue that, generally, the role of 
mining industries in developing countries is shifting, and this case may be an 
exposition of such a change (Dorian & Humphreys, 1994).
3.2 Treatment of Uncertainty In Interpreting Sustainability
The second aspect that underlies different interpretations of sustainability concerns 
attitudes towards uncertainty. Uncertainties in the context of extracting minerals and 
metals arise due to both inadequate scientific understanding of the impact of human 
activities on ecological systems, and doubts about society’s competence to manage 
technological systems. [A good overview about the need to include ecology into the 
treatment of uncertainty related to ecological systems in policymaking can be found in 
Dovers et a l (Dovers, Norton, & Handmer, 1996).]
One way of interpreting the reasoning behind the first criterion of The Natural Step is 
illustrated by Figure 2. Substances mined from the lithosphere are used in the 
economy, and then may be recycled or redeposited in some form. However, there is
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also “leakage” of mined substances from the economy into the ecosphere. As it is 
“often very difficult to foresee what concentration will lead to unacceptable 
consequences” in the ecosphere, increases in concentrations that are greater than 
natural fluctuations should not be allowed (Holmberg, 1998). [Gielen provides a good 
example as to how this can be modelled in the case of carbon dioxide (Gielen, 1998).] 
Of course, these increases in concentrations will not occur if recycling or other forms 
of waste management are effective -  and people vary in their beliefs about society’s 
ability to regulate waste management of these substances so that such leakage do not 
occur. The implication behind The Natural Step criterion is that such leakage is 
inevitable, and therefore continued extraction of minerals and metals will result in 
continued increases in concentration of these substances in the ecosphere. In other 
words, the Precautionary Principle3 is invoked to argue that use of minerals and 
metals in the economy should be reduced because a) there is scientific uncertainty 
about what concentrations in the ecosphere will result in environmental degradation, 
and b) there are doubts about society’s competence to control leakage of these 
substances to the ecosphere.
Figure 2. Flow of Mined Minerals Through the Economy 
LITHOSPHERE
redeposit
ECONOMY
recycling
‘leakage
ECOSPHERE
Canada’s Minerals and Metals Policy also quotes the Precautionary Principle, and in 
addition the Safe Use Principle. The latter is intended to focus attention on 
management of the risks associated with use of products containing minerals and 
metals. The policy suggests that minerals and metals themselves should not be 
considered for bans, phase-outs or virtual elimination but that “there are instances 
where certain products containing minerals and metals, or their uses, because of the 
associated risks, may be candidates for bans, phase-outs or virtual elimination of 
releases from specific anthropogenic sources” (GoC, 1996, Section IV). The 
implication is that, in many cases, the life cycle risks associated with use of minerals 
and metals in the economy can be effectively managed so that environmental 
degradation is not a problem4. This suggests a different attitude towards the 
uncertainties associated with society’s competence to control leakage of these 
substances to the ecosphere from that of those using The Natural Step approach.
3 Principle 15 of the 1992 Rio Declaration on Environment and Development states that, “In order to protect the 
environment, the precautionary approach shall be widely applied by States according to their capabilities. Where 
there are threats of serious or irreversible damage, lack of full scientific certainty shall not be used as a reason for 
postponing cost-effective measures to prevent environmental degradation.” (UNCED, 1992)
In fact, Ayres’ approach to measure unsustainability provides a useful scale for the debate, with many materials 
being found to be in very unsustainable use (Ayres, 1996).
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3.3 Sustainability at Different Conceptual Scales
This third aspect is concerned with definitions of sustainability at different 
geographical, organisational, and material/product life cycle scales. A fourth 
conceptual scale is the time horizon; due to its close inter-relationship with the other 
three scales it is considered separately in the next section.
At different geographical scales, the focus of attention may vary from one specific 
site to a region or even the entire world. At different organisational scales, one might 
be concerned with a single facility, all the operations of a company wherever they are 
located, or perhaps a grouping of vertically integrated companies throughout the 
world. Along the material/product life cycle scale, it is possible to focus on one 
stage of the life cycle (such as extraction of minerals and metals), several stages (for 
example, extraction of minerals and metals, and subsequent manufacturing of 
products), or the whole life cycle (including extraction, manufacturing, use and waste 
management of products).
Several researchers have suggested that it may be appropriate to define sustainability 
differently at varying geographical and organisational scales (see, for example, 
Costanza and Patten, 1995; Gibbs, 1997; and Howe, 1997). Costanza and Patten 
(1995) use the analogy of biological systems with “persistence” used as a perceived a 
priori criterion for sustainability. Cells survive only for a short time, organisms for 
longer, populations for longer still, and ecosystems may persist indefinitely. However, 
persistence at the higher level of organisation depends upon a relatively rapid turnover 
at the lower level in order for evolutionary adaptation to take place. In the same way, 
the criteria defining sustainability at a global or regional level should maybe differ 
from those defining sustainability at a local level.
Regarding different material/product life cycle scales, the relevance of this 
conceptual scale to definitions of sustainability is indicated by the increasing interest 
among researchers and policymakers in development and application of 
environmental management approaches such as Life Cycle Assessment (LCA) (c.f. 
(Charlton, 1992); (McDonagh & Prothero, 1997); (Rosenfeld, Gordon, & Guerin- 
McManus, 1997); (Elkington, 1997)).
The implicit use of certain scales in defining sustainability helps to explain the 
different attitudes adopted by the Canadian Minerals and Metals Policy and The 
Natural Step approach. The Canadian policy is, not surprisingly, focused upon one 
geographical area (Canada), and a specific organisational grouping of companies 
(those constituting the minerals and metals industry in Canada). However, promotion 
of the Safe Use Principle and the support of recycling activities in the policy does 
imply acceptance of some responsibility for the fate throughout the world of minerals 
and metals mined in Canada.
The Natural Step approach, on the other hand, adopts an explicitly global perspective: 
its criteria for sustainable activities are applicable throughout the world at all 
organisational levels. Furthermore, in suggesting that society should decrease its 
economic dependence on dissipative use of scarce metals and fossil fuels (the first 
criterion), and emphasising fair and efficient use of resources (the fourth criterion),
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The Natural Step approach focuses upon the use and waste management stages of the 
material/product life cycle scale in defining sustainable activities.
It can be seen, therefore, that different conceptual scales of analysis are emphasised in 
the two approaches, and may contribute to different definitions of sustainability for 
the minerals and metals industries. Perhaps, as for the biological system analogy 
outlined above, a case can be made for defining sustainability differently at'varying 
points on these conceptual scales.
3.4 Time Horizon for Sustainability
Similarly to geographical, organisational and material/product life cycle scales of 
analysis, the criteria for assessing sustainability can be defined differently for 
different time horizons (Goodland, 1995). For example, take the environmental issue 
of global warming, and the perspectives of individuals on the desirability of 
decreasing the net concentration of global warming gases in the atmosphere in order 
to stabilise the average global temperature. Peoples’ perspectives may vary depending 
upon whether fluctuations in average global temperature are considered over ten 
years, one hundred years or several thousand years. The time when the analysis takes 
place is also relevant: individuals living during a “Little Ice Age” may have a quite 
different perspective from those experiencing a warm period in the long-term 
fluctuations of the climate. Another example concerns the population cycles of some 
species which have been observed to occur over two to ten year periods (see Begon et 
al., 1996). An extreme example is elephants whose population cycles may last two 
hundred years or more. Conservation management that fails to account for this long­
term pattern of population growth and decline in elephants may be ineffective in 
conserving these species.
The question of time horizons becomes particularly relevant in attempts to define 
sustainability of the primary extraction industries because they are based on extraction 
of finite resources from the Earth’s crust. At some point in the future the reserves of 
these resources in the earth’s crust will be exhausted at current extraction rates. 
However, on a time scale of ten, one hundred or several hundred years, extraction of 
these resources may be sustainable (using the criterion of persistence to define 
sustainability of this activity). Therefore, perspectives of individuals on the 
sustainability of continuing to extract a substance from the earth’s crust may differ 
according to varying perceptions about the appropriate time horizon in the analysis.
This implicit adoption of a specific time horizon in defining sustainability helps to 
explain the different attitudes towards sustainability in Canada’s Minerals and Metals 
Policy, and The Natural Step approach. Canada’s Minerals and Metals Policy implies 
use of a relatively short time horizon in defining sustainability by promoting the 
continued extraction of minerals and metals from the Earth’s crust. However, it also 
promotes recycling of these minerals and metals, suggesting implicit consideration of 
a longer time horizon. The federal government’s commitment to each of these types 
of activities will provide an indication as to which time horizon is considered most 
relevant in defining sustainability of the minerals and metals industry in Canada.
The criteria defined in The Natural Step approach, on the other hand, are promoted as 
relevant for all time horizons. Yet recommendations for implementation of the criteria
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may take various forms depending on the implicit time horizon adopted by those 
interpreting the criteria. For example, Section 3.2 explained that the recommendation 
of Robert et al. (1997) for radically decreased use of fossil fuels and mining is based 
on a specific perception about the inevitability of “leakage” of mined substances from 
the technosphere to the ecosphere. Integral to this recommendation is an expectation 
that leakage will continue to occur over all relevant time horizons, thus excluding the 
possibility "of'future innovations ‘‘closing the loop” Tor mined'substahcesT In other 
words, a short time horizon has been implicitly used to exclude such possibilities from 
consideration in development of the recommendation.
4. Two Case Studies
The relevance of the dimensions described in the previous section can be illustrated 
by reference to case studies of two companies: MIM Holdings Limited and Rio Tinto. 
MIM is an Australian-based international mining and mineral processing company. It 
is a major global producer of refined copper, gold, zinc, lead and silver; it also mines 
and processes coking and steaming coal. Its major activities take place in the United 
Kingdom, Germany, Argentina and Australia (in Queensland and the Northern 
Territory). Rio Tinto is one of the world’s leading international mining groups. It has 
substantial interests in mining include copper, gold, iron ore, coal, aluminium, borates 
and titanium dioxide. The Group also mines diamonds, silver, zinc, lead, nickel, 
molybdenum, salt, talc and uranium. Interests are located predominantly in North 
America and Australia, as well as in South America, Asia, Europe and southern 
Africa. Like many global mining groups, both MIM and Rio Tinto have roles as 
holding companies with the management of material handling and processing being 
devolved to separate associate and subsidiary companies operating under a group 
umbrella. Thus, whilst many day-to-day and other operation-specific decisions fall 
within the remit of these companies, MIM and Rio Tinto adopt a strategic role in their 
capacity as the agent of shareholders, strongly influencing such decisions through the 
setting of their bounds.
MIM’s efforts in pursuing sustainable development are outlined in its 1997/98 Annual 
Environmental Report. In this report, MIM’s stated aim is that decision-making within 
the organisation and the management of its activities should integrate short- and long­
term environmental and social considerations. To this end, it commits to the following 
principles and practices (MIM Holdings Limited, 1998):
>  Minimising the use of water resources
>  Minimising the impact of tailings dams
>  Increasing energy efficiency
>  Targeting air emission reductions
>  Recycling waste products
>  Rehabilitating disturbed ground
> Making provision for the cost of future rehabilitation
> Maintaining monitoring and land use management databases
>  Consulting with local communities.
This approach follows the principles set out in the Minerals Council of Australia 
(MCA) code for Environmental Management (MCA, 1996). These commitments also
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place MIM strongly in line with the balancing of the three aspects of sustainable 
development laid out in Figure 1.
Rio Tinto justifies the contribution of its operations to sustainable development in the 
following way (Rio Tinto, 1999):
Rio Tinto believes that for the minerals industry, a contribution to 
sustainable development can be made through the development o f  
mineral resources that are managed at a local level such that a 
lasting legacy o f diversified economic activity, education, skills, 
public health and rehabilitated land remains once mining activity 
ceases. Mining converts the intrinsic value o f a metal in the ground 
into the capital and capacity that allows a community to establish 
itself according to its wishes. It is Rio Tinto’s belief that the 
potential fo r  mining to generate significant economic revenue from  
a relatively small land area, most o f which can be returned to an 
alternative, productive land use following mining is a special 
advantage that can provide unique opportunities fo r  local 
communities.
It can be seen that explicit links are made between the ecological, economic and social 
aspects of sustainable development. As the case study of Weipa suggests, perhaps this 
has not always been the case. However, all three aspects are now considered integral 
to operations, from first contact through to mine closure and beyond. An example can 
be found at Lihir, Papua New Guinea, where Rio Tinto has recently brought a gold 
mining operation into full production. In Papua New Guinea, mineral rights are vested 
with the state, although the law recognises communal land ownership. Developers are 
required to reach agreement on an overall compensation package with the owners in 
advance of the state issuing mining title. The studies conducted before and during 
development had much broader coverage than the 3.7% of the island affected by the 
mine. A comprehensive study of land ownership identified the clan groups with rights 
over the project land. Representatives were elected for each block of land, and they in 
turn established the Lihir Mine Area Landowners’ Association (LMALA). The 
LMALA represented the landowners in negotiations with the developer and the state. 
It was a legal requirement that all the representatives signed the compensation 
agreement. A company formed to represent the Lihirians holds half of the original 
equity holding of the Papua New Guinea Government in trust for all Lihirians.
With respect to treatment of uncertainty, MIM’s approach implies a firm belief that 
the life cycle risks associated with the use of metals can be managed effectively into 
the future and that bans on specific uses are unnecessary. This even holds for those 
metals known to be toxic and with a tendency to accumulate in the environment, such 
as lead. MIM is currently developing new lead ore sources, and operates a secondary 
lead recycling facility. The inference is that bans such as that recently proposed by the 
Danish government on use of lead in certain products are unnecessary.
Rio Tinto has direct experience of treatment of uncertainty through its experiences 
with borates. Borates are industrial minerals used in a wide range of commercial 
applications, such as borosilicate glass (used in ovenware and laboratory equipment), 
micro-nutrient fertilisers, wood preservation, fibreglass, ceramics and detergent. The
PP 1 -  Sustainability and the Primary Extraction Industries: Theories and Practice
12
Engineering Doctorate in Environmental Technology. Sustainable Development and the Global Mining Industry
P.W. Argust, Rio Tinto /  Borax
perceived need to regulate levels of boron, in order to protect human health and the 
environment, has led to many reviews by governments, the European Union (Council 
of the European Union, 1980, 1998), and the World Health Organisation 
(International Programme on Chemical Safety, 1998). Rio Tinto’s subsidiary, Borax, 
has responded by committing significant resources to remove scientific uncertainty 
concerning the environmental levels and distribution in the environment, both natural 
and anthropogenic. Internal research has identified that the highest environmental 
levels are generally due to natural geological conditions (Dames and Moore, 1995, 
1996; Ford et a l , 1995) In fact, research commissioned by Borax has demonstrated 
that borate flows as a result of commercial mining and use of borates are orders of 
magnitude smaller than flows in the hydrological cycle, due to cycling of naturally 
occurring boron from the oceans through the hydrosphere (Argust, 1998). These 
examples suggest that activities at both Rio Tinto and MIM are underwritten by a 
belief in the ability of science to explain the impacts of human activities on ecological 
systems, and the competence of societies to manage those impacts.
With regard to the geographical and organisational scale of the sustainability agenda, 
MIM’s primary focus is upon those countries where its operations take place. Not 
surprisingly, particular emphasis in MIM’s aims is also given to ensuring full 
compatibility with the MCA code (MCA, 1996). Additionally, the devolved nature of 
the MIM group of companies ensures its policies are subject to interpretation at the 
local company (and operations site) level. Similarly, Rio Tinto has focused on 
developing positive relationships with communities at the local level, recognising 
these are essential for mining investments which by definition are for the longer term. 
However, Rio Tinto is also developing Group-wide targets for issues such as global 
warming and energy use, suggesting that the geographical and organisational scale of 
sustainability for the Group may be broadening to encompass global issues in addition 
to local issues. At the material/product life cycle scale, both MIM and Rio Tinto are 
increasingly interested in life-cycle based approaches in their operations. For 
example, MIM (in conjunction with Britannia Refined Metals, one of its subsidiary 
companies) is undertaking a life-cycle based environmental assessment of its lead 
product stream (Robertson et a l, 1997), and individual commodity groups at Rio 
Tinto (borates and copper) are examining the flow of their products in the physical 
environment related to anthropogenic and natural processes (Azapagic, 1996). 
However, as noted above, at present recycling of products is not a primary interest of 
MIM or Rio Tinto, reflecting the historical core competencies of these companies in 
minerals and metals extraction.
Finally, the time horizon implied in MIM and Rio Tinto’s positioning with regard to 
sustainability is similar to that discussed above for Canada’s Minerals and Metals 
Policy. MIM’s approach is to target the specific environmental and social 
considerations listed above. These have time horizons ranging from the shorter to the 
longer term. Water use minimisation and increased energy efficiency are examples of 
initiatives with shorter time horizons. On the other hand, MIM’s land rehabilitation 
measures, currently underway at several of its mining sites, aim to create stable 
ecological regimes; they have a long time horizon since the rehabilitated sites are 
intended to be self-sustaining into the indefinite future. Rio Tinto’s approach is 
broadly similar. For example, Bingham Canyon, one of the Rio Tinto Group’s largest 
assets, began operating in 1909 and the current mine plan already extends into the 
second decade of the twenty-first century. This means that, at the local level,
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consideration of future generations is more than just a vague expression for the 
mining operations of both these companies. However, assessed against the life time of 
ecosystems, mining’s time horizon could be argued to be quite short.
5. Discussion and Conclusions
Sustainability, and the surrounding debate that attempts to operationalise it, is of 
strategic importance to the primary extraction industries. If one accepts Hodges’ 
argument that the shortage of resources justifying an overriding prima facie case for 
their extraction does not currently exist, these industries have to compete for land use 
with other uses and users. In the debate, environmental, and health and safety issues 
have become important, as has the need to justify and defend this type of activity on 
ecological, social, political as well as economic grounds. As a result, the industry has 
little choice but to participate in the sustainability debate, although it enters the debate 
with initial stigma. However, there still is, and is likely to remain, a diversity of 
opinions as to what sustainability and sustainable development may mean for the 
resource extraction industries.
The debate was opened in this paper by presenting two radically different definitions, 
that of Canada’s Minerals and Metals Policy and The Natural Step, and the various 
implications and reasoning underlying the approaches have been explored. Doing so 
has opened up a range of dimensions by which different definitions of sustainable 
development can be compared and positioned. In this paper, it has been argued that 
the differences may be described along the four main dimensions laid out in the 
previous section. A key finding is that the judgement as to whether an observed entity 
is or is not sustainable largely depends on the system boundaries and the way 
sustainable development has been defined a priori. There is no rocket science here. 
However, in examining the operationalisation of sustainability, an approach is used 
that sets out criteria for sustainable development without explicitly defining 
sustainability in a way allowing the deduction of operationalised indicators. The 
appropriateness of this type of approach is illustrated by the case of a mining site 
studied at the local geographical scale and with an organisational focus. Activities at 
this site may be assessed as unsustainable; however, at the same time they may 
contribute to an overall material flow system that is viewed as sustainable at a global 
scale over a long time horizon.
It appears from the illustrative company cases that there is a significant overlap 
between the way organisations define sustainable development and how they perceive 
their roles in society. Hence the way organisations see their role in the efforts of 
societies to meet the needs o f the present without compromising the ability o f  future 
generations to meet their own needs matches with their self-perception on their own 
roles in society. It is likely, therefore, that the societal roles of organisations shape 
their definitions of sustainable development. Organisations seeing themselves 
primarily as producers of physical outputs and operators of mining sites are likely to 
define sustainable development in terms of meeting demand for their products and 
providing socially desirable employment. By contrast, organisations that see their role 
as serving the communities and societies they operate in, are more likely to define 
sustainable development in terms of meeting a wider range of human needs, and 
through embracing a broader scope along the material/product flow life cycle.
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This is not the place to judge which definition of sustainable development is more 
valid. Rather, the aim is to point out the correlation between the self-perception of 
organisations and their espoused definitions of sustainable development. This 
correlation may also explain the significant differences in definitions of sustainable 
development between industries and other stakeholders. Cynics might argue that a 
particular definition of sustainable development is being used by an industry to 
promote its own interests in the competition for alternative uses of land. Such 
promotion of self-interest may also be true, at least in part, for other stakeholders too.
For the future, any de facto definition of sustainable development may be evaluated 
and positioned using the four dimensions outlined above. However, it should also 
include an evaluation of whose interests are being served by the chosen definition. 
This may be achieved by assessing the relative benefits and dis-benefits (in monetary 
and non-monetary terms) of its resulting policy recommendations to the various 
affected groups, existing at present and in the future. A related issue is the well- 
established challenge to identify a human group to speak on behalf of non-human 
ecosystems and their constituent components.
The four main dimensions laid out above and the ensuing discussion show that, 
ultimately, societies are unlikely to arrive at a universally accepted and applicable 
definition of sustainable development. Instead, we are more likely to find a diversity 
of definitions associated with a diversity of applications. As shown in this paper, these 
different definitions can be traced back to underlying, often unarticulated, 
assumptions about the acceptability of trade-offs between different societal goals; 
attitudes towards uncertainties in scientific analysis and the reliability of management 
systems; and the perceived appropriateness of system boundaries at different 
conceptual scales. These assumptions are founded in the self-perception of 
organisations and individuals about their roles in society, and the cultural context 
within which these organisations and individuals define their raison d ’etre. Could it 
be that the time has come to embrace this diversity rather than attempting to impose a 
single a priori definition of sustainable development?
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Abstract
The biophysical and social effects of mining are often highly visible and the 
relationship between mining and sustainable development is not always an obvious 
one.
The challenge to the mining industry is to work towards understanding and managing 
its environmental performance in a manner which is consistent with sustainable 
development, a process which may require methodologies which are very different 
from those already in place.
Issues that will determine whether or not mining can be sustainable are explored, with 
the author concluding that mining can be compatible with the principles of sustainable 
development. However, mining companies must work very hard, particularly at the 
local level, to provide benefits that offset the costs of resource extraction to 
communities. Partnership with communities, meaningful measures of performance, 
and a willingness to learn are identified as being critical to progress in this area.
Key words: Mining, Sustainable Development, Communities, Performance Indicators 
1 Introduction
In 1997 the Rio Tinto Group generated revenues of over US$9 billion through the extraction 
and processing of primary resources such as copper, iron ore, coal, bauxite, gold, diamonds, 
salt, talc, and borates.[1] Rio Tinto operations directly employ 51,000 people, and the mines 
and their employees provide a market for the goods and services provided by many others 
through expenditure on capital and consumer goods and services.1 The resources produced by 
the Group are utilised throughout the world to help provide the infrastructure upon which 
much of modem society is reliant.
In order to provide these resources in 1997 Rio Tinto operations required 43,564 hectares of 
land, 174 million cubic metres of water and 171 million gigajoules of energy[2] to process
1 By way o f context, the Western Economic Analysis Centre has reported that America’s mining 
industry, with direct business revenues o f approximately US$27 billion, directly and indirectly 
supported nearly 5 million Americans and their families, providing personal income o f almost US$144 
billion to US residents in 1995.
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over 370 million tonnes of ore[3]. In providing the resources and economic well being upon 
which many depend, mining has a direct and highly visible impact upon the physical 
environment^1, in addition to the impacts it has on the social environment.
In order to continue to gain access to resources, the mining industry must continue to justify 
the license society provides for it to operate. If society determines that the costs of mining 
outweigh the benefits it brings, then its license to operate will be revoked. With each passing 
year the expectations that industries must meet to continue to fulfil their social contracts 
continue to rise. In this regard mining is no different from the water industry, the health 
services, the chemicals industry, or the automobile industry.
2 The Principle of Sustainable Development
Over the last decade attention has increasingly been turning to the principles of sustainable 
development. In 1987 the UN’s World Commission on Environment and Development 
defined it as: “Meeting the needs of the present without compromising the ability of future 
generations to meet their needs.”[5] In 1998 the UK Government has been introducing its own 
definition in its sustainable development consultation document, stating that, “It is about 
ensuring a better quality of life for everyone, now and for generations to come”[6]
In fact there are many definitions of sustainable development, but the questions under 
discussion in this paper are, “What does sustainable development mean for the mining 
industry?” and “What can the mining industry do to make sure it is sustainable?”
3 What Does Sustainable Development Mean for the Mining Industry
Whether or not mining is compatible with sustainable development depends very much on 
how the principles of sustainable development are interpreted. Some would suggest that in 
order to allow future generations to have the same opportunities as ourselves the natural and 
built environment must be protected171, in other words - sustainability means living on 
nature’s income rather than its capital2
Although this credo may not be formally expressed in some organisations, the principles of 
conservation of natural capital are already well established through formalised environmental 
management systems and the application of ideas such as design-for-the-environment and 
eco-efficiency. Eco-efficiency, in particular, emphasises the need to produce more from less 
energy, consumption of fewer raw materials, with less waste and pollution, more re-use and 
recycling.3[8,9,10]
For some people the implications of such an assessment for extractive industries such as 
mining are clear - if the earth’s stock of natural capital is to be preserved then we should stop 
mining altogether and focus effort on continuing to provide the benefits through a greater 
emphasis on recycling and through the use of renewable resources wherever possible. Others
2 This principle is often ascribed to Nobel physics laureate Murray Gell-Mann.
3 The term ‘eco-efficiency’ was introduced by the World Business Council for Sustainable 
Development (WBCSD) who define it as “The delivery o f  competitively priced goods and services that 
satisfy human needs and bring quality o f  life, while progressively reducing ecological impacts, and
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argue that mineral extraction does not necessarily conflict with conservation of natural 
capital, emphasising the recyclability of metal and other mineral products.4 [111
Some question the practicalities of exclusive use of renewable resources to satisfy needs 
arguing that, against a backdrop of continuing growth in population, to replace the value of 
goods and services provided by metals and minerals with those of biological origin would 
require major areas of land and disrupt the environment on a large scale.[2]
Perhaps the discussion concerning environment and economics, incorporated in eco- 
efficiency, is misleading, and may not be entirely helpful to actors in sustainable 
development. A key component has not been introduced yet - social development. Without 
consideration of the interaction between mining and society, any discussion about sustainable 
development in mining may lose focus.
Ackermann (1998) points out that “Since the beginning of history, societies have used the 
proceeds of the natural capital available to them not only to produce built capital but also to 
develop human capital (above all through education)”[7] Large mining projects will last many 
decades. Rio Tinto’s subsidiary US Borax, for example, has been mining in the Mojave 
Desert in the USA for over 125 years.[12] Over these long periods a mining project can have a 
significant impact, positive or negative, on the development of built and social capital in a 
community.
The World Bank (1997) suggest that, “It is perfectly reasonable for countries to choose to 
develop and deplete non-renewable resources as a source of development finance. But this is 
only reasonable if the resource rents are in fact invested rather than being consumed.” 1131 This 
principle is also referred to as ‘weak sustainability’114,15,161 whereby welfare is not normally 
dependent on a specific form of capital, and can be maintained by substituting manufactured 
for natural capital.5 This is the crux of the relationship between mining and sustainable 
development. Mining is an important component in the sustainable development of 
communities, but its contribution will be greater if it considers more than just financial and 
biophysical dimensions.
resource intensity throughout the life cycle, to a level at least in line with the earth’s carrying
capacity ”
4 This may be hue at the global level, but at the local mine level the removal o f an mineral asset for 
dispersion throughout the technosphere, whatever the recycling rate, cannot be sustained indefinitely 
unless the mineral asset itself is returned.
5 This interpretation differs from the strong sustainability view that manufactured capital and natural
capital cannot be substituted for each other.
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4 Integrating Economic, Biophysical and Social Dimensions
The International Centre for the Environment, based at Bath University, propose that mine 
projects must consider the needs of stakeholders over time relating to social, economic and 
bio-physical dimensions using an ‘onion ring’ to represent different stakeholder groups. (See 
Figure 1)
Figure 1: MERN Mine Site Stakeholders & Dimensions1171
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The integration of these dimensions in corporate decision making is critical to sustainable 
development, with the UN Economic and Social Council (1998) arguing that, “Industry and 
its impact on social development and the environment has been at the centre of the debate on 
sustainable development since the term ‘sustainable development’ was brought into common 
use by the WCED in 1987. There is now consensus among policy makers that in order to 
achieve sustainable development, Governments and non-state actors need to make greater 
efforts to integrate economic, social and environmental goals into industrial policy and 
decision making.”[18]
For mining to be considered as compatible with sustainable development, the following rule 
must apply:
E (AEconomic Dimension ±  ASocial Dimension ±  ABio-physical Dimension) > 0
5 How Can the Mining Industry Respond?
It is clear from the previous discussion that for mining to be consistent with sustainable 
development the industry must work hard not only to minimise the impacts it has on the 
biophysical environment, but also to maximise the benefits that it can help bring to local 
communities while meeting broader consumer needs. This area is particularly sensitive, 
particularly when one considers that not everyone necessarily wants ‘development’ whether 
sustainable or not. Reconciling different stakeholder views is not a challenge unique to the 
mining industry, nonetheless.
Ackermann (1998) points out that partnership with local communities is critical, rather than 
ownership by the mining company, arguing that it is important for companies to take the time
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to get to know the local situation, even though this is no guarantee of success. As he explains, 
“mining often occurs in remote areas where social isolation and compensating behaviour 
(drinking, violence) are difficult to deal with. However, unequal relationships between 
investors and / or the government on one hand and the local community on the other, rarely -  
if ever -  breed success.”[7]
Epps (1997)[19] proposes the following principles to help mining companies play their part in 
managing social issues:
1 Carry out comprehensive socio-cultural and social impact assessments to provide a 
framework to manage the implementation of the vision and policy direction
2 Establish partnerships as a vehicle to maximise opportunity for social and economic 
development and facilitate equitable distribution of benefits
3 Identify an independent, self-sufficient industry/ economic base for community 
development with:
• The company to assist in market research, capacity building, marketing etc
• The community to provide input into the development and implementation of the plan 
and components, such as by:
-Mitigation measures to ameliorate impacts;
-Mechanisms for conflict resolution;
-Development of appropriate key performance indicators;
-Mechanisms for monitoring, auditing, and continuous improvement of processes;
4 Policies to be flexible, innovative and based on mutual trust (predictability)
What becomes clear from Epps’ work is that the mining organisation must endeavour to be 
as inclusive as possible when determining the issues relevant to the mine site, and commit to 
measuring performance as a basis for communication and improvement planning. Thus, just 
one of the tasks for the global mining organisation confronting global issues is to find 
measures of performance that are meaningful throughout its activities -  the ‘key performance 
indicators’ to which Epps refers.
6 Performance Indicators
Confronted with a variety of dimensions against which performance will be assessed by a 
variety of stakeholders, the challenges for an organisation as large and diverse as Rio Tinto 
are twofold:
1. To find meaningful measures of performance for the operations
2. To manage the performance of a global organisation
Identifying meaningful measures of performance is by no means a straightforward task in 
itself, and value judgements inevitably come into play when considering social performance, 
in particular. Any difficulties presented at the level of the mine site, however, are multiplied 
when considered at the level of the global corporation.
A number of institutions have attempted to find measures of performance across some or all 
of the dimensions discussed which are meaningful at the level of the corporation or the state. 
Corporations such as ICI, DuPont, and Unilever have developed methodologies that help 
them understand how their emissions impact the environment by considering them in terms
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of a number of environmental themes.6[20’8,21] DuPont and Unilever use eco-efficiency 
principles to assess their impacts, with Unilever explicitly using economic value added as a 
means to compare the impacts of their different product groups.
Institutions such as the OECD, the United Nations, the Australian Department of 
Environment, Sport and the Territories, Environment Canada, the World Resources Institute 
(WRI), the International Organisation for Standardisation (ISO) and the World Bank have 
also proposed methodologies to help actors assess environmental pressures, conditions and 
responses.122,23,24’25’26’27’28’29’131 All of the methodologies proposed are based upon the principle 
of identifying indicators of environmental performance which can be used to:
• Quantify information so its significance is more readily apparent
• Simplify information about complex phenomena to improve communication.1241
7 Indicators of Sustainability in Mining
As has been discussed earlier, many of the social, biophysical and economic consequences of 
a mining project are felt at the local level. This puts a significant responsibility on local 
management to develop indicators of performance in partnership with local communities. 
There are, however, other factors that cross the divide between local and global; examples in 
the biophysical environment being global warming, abiotic reserve depletion, energy use, 
water consumption, and sedimentation and in the social environment combating poverty, 
demographic dynamics, education and public awareness, human health protection, and 
settlement development.1241 These indicators form the upper part of an information pyramid, 
described in Figure 2
Figure 2: The Information Pyramid & Relationships Between Indicators, Data and 
Information127’301
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However, translating acknowledgement of a need to develop indicators of performance 
across a range of dimensions to help manage progress into working systems is a considerable 
challenge. For example, just on biophysical considerations, Rio Tinto are currently reviewing
6 Environmental themes include global warming, depletion o f stratospheric ozone, human toxicological
impacts, ecotoxicological impacts, photochemical oxidant formation, acidification and eutrophication.
{
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a number of categories for use at the corporate level. (See Table 1) Gathering the data needed 
for these indicators alone is a sizeable task, and the table is just one possible set of measures 
for just one dimension of performance. Biophysical performance measurement has advanced 
further than social performance measurement within the mining industry.
Table 1: Possible Biophysical Categories for Performance Indicators in Mining
Use of non-renewable resources % of presumable reserves lost in a 
specified span and area
Estimated reserves minus extraction /  estimated reserves
Species Number or percentage o f species lost in a 
specified time span and area
Species originated minus species expired in a specified 
time span and area ( may be divided by total number of  
species)
Physical Ecosystem Change - 
Natural Systems
Land use changes in natural systems in a 
specified time span and area
Hectares total disturbed (all land systems to be 
categorised)
Hectares -  new disturbed 
Hectares new rehabilitated
Hectares exceeding critical acidification load (land and 
waterways)
Physical Ecosystem Change -
Degraded land
Modified
Agricultural
Built
Aquatic
Land use changes in other systems in a 
specified time span and area
As above
Dust Amount o f dust released in a given time 
span and area
Tonnes particulates (air)
Sediments Amount o f suspended solids released in a 
specified time span and area
Tonnes suspended solids and sediment
Acidification o f soil acid equivalents in a specified time span 
and area
Neutralisation by soil minus acid deposition in a specified 
area and time span
Water acidification acid equivalents in a specified time span 
and area
Atmospheric Acidification acid equivalents in a specified time span 
and area
Acidification potential relative to S 0 2 based on potential 
amount o f H+ per mass unit relative to the same 
parameter for S 0 2 multiplied by emission to air (kg)
Ecotoxicity (terrestrial) Emissions o f metals, unhalogenated, halogenated and 
polycyclic aromatic hydrocarbons, halogenated aliphatic 
hydrocarbons, pesticides multiplied by ecotoxicological 
classification factor for terrestrial ecosystems (ECT) in kg 
soil * kg substance
Ecotoxicity (aquatic) Emissions o f metals, unhalogenated, halogenated and 
polycyclic aromatic hydrocarbons, halogenated aliphatic 
hydrocarbons, pesticides multiplied by ecotoxicological 
classification factor for aquatic ecosystems (ECA) in m3 
water * kg substance
Water Resources Water use and intensity, (relative to local 
availability if  possible)
Litres H20  total 
Litres H20  renewable 
Litres H20  non-renewable
All divided by availability in water-source catchment 
area?
Energy Amount o f energy used in operations Joules
Global warming W/m2 or °C added in a specified time span Emission of greenhouse gases multiplied by global 
warming potential
If there is still a great deal of effort required to translate indicators of potential impact (as 
used by ICI et al.) into meaningful indicators of actual impact for the biophysical 
environment, there is even more work to be done in the social dimension. Any indicators 
developed must be able to measure positive aspects of performance as well as negative 
aspects. If successfully implemented, however, they could provide a basis for helping move 
performance in a more sustainable direction.
PP2 -  In fo r the Long Haul -  Sustainable Development and the Global Mining Industry
7
Engineering Doctorate in Environmental Technology. Sustainable Development and the Global Mining Industry
P.W. Argust, Rio Tinto /  Borax
As regards mining and sustainable development, this discussion has attempted to show how 
both industry’s interpretation of its responsibilities and its measures of performance to help 
fulfil those responsibilities must become increasingly sophisticated. Sustainable development 
is emerging as part of many resource companies’ business strategies with companies like 
Shell leading the way on non-financial reporting through their ‘Report to Society’.
The outlook for the mining industry should now be clear:
1. Mining and sustainable development are compatible -  mining plays an important role in 
the development process - but mining must work very hard to help provide a foundation 
for progress that will outlast its presence in an area.
2. Partnership with communities is critical to success, both at the local level and at the 
global level -  mining companies should not be afraid to seek out the advice of others.
3. Indicators of performance are vital, but must be developed to be transparent and 
meaningful.
4. The industry cannot expect to get everything right first time, but must be willing to learn 
and adapt to continue to meet an evolving challenge.
As Western Mining’s CEO, Hugh Morgan has said, “The thinking in this area is relatively 
new (to us) and in many respects we are creating the path we are travelling on ... It has often 
been said that the resource companies missed the wave of the environmental movement in 
the 1970’s, and have been playing catch-up ever since. ... The minerals industry is 
determined to stay ahead of the next wave.”[31]
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ABSTRACT
In this paper the author reflects on the learning curve being experienced in Borax, part of 
the Rio Tinto mining multinational, as it implements an integrated environment, health 
and safety management system (EHSMS) for the first time, attempting to implement a 
Group-wide approach to EHS issues across a variety of operating locations, national and 
international regulatory regimes, and in a variety of cultures. The author attempts to draw 
out the key lessons learned along the way, and identifies areas of opportunity for the 
future.
1. INTRODUCTION
Extractive industries such as mining, an industry whose largest constituent is the Rio Tinto 
group, continue to attract public scrutiny and interest in their environmental performance. 
There are a variety of reasons for this scrutiny, including planning issues, nuisance effects 
such as noise, dust, visual impacts, pollution and contamination arising from the operation 
and closure of a mine, and human issues such as sensitivity to the needs of local 
communities, during exploration, planning, commissioning, operation and ensuring that local 
needs are satisfied once the mine has finished operating. A mining company can move on 
once a mine is closed if it chooses, but the local community may remain.
Richards (1996) expresses the view that the primary concern of the minerals industry is the 
extraction, for consumption, of non-renewable resources and concludes that,
“It is, therefore, important that the industry pursues high environmental standards in its 
policies and practices, both for reasons of sustainability and for the benefit of communities 
affected by minerals operations.” 1
To the environmentally aware reader, this may appear to be a common sense conclusion that 
requires no discussion. However, it is worth recalling that environmental concerns have not 
always been integrated into decision making as fully as they might be. Tim Haddon, an 
executive of Amax Gold, observed in February 1991 that, “Environmental issues have not, 
historically, been a major concern to miners. Moreover, mining as an industry is perceived to 
cause environmental damage.” 2
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The International Council on Metals and the Environment, the ICME, the first mining 
industry body set up to address specific environmental concerns, was not established until 
1991. By this stage, all the agenda setting for the Rio de Janeiro Conference had taken place 
and Mining Journal concluded that,
“As a result of this inactivity, the mining industry is continually having to react to 
events rather than invite other organisations to respond to our agenda. ... Unless the 
mining industry moves onto the offensive, the writing is on the wall.” 3 
The aim of this paper is to examine how the Borax Group has addressed the challenge of 
change in its approach to the environment in its European operations.
2. THE RIO TINTO BORAX GROUP
The Borax Group is a mining to speciality chemicals group operating in the industrial 
minerals division of Rio Tinto. The group mines industrial mineral borates from deposits in 
the Californian Mojave desert and in the Andes in Argentina at a rate of approximately
450,000 tonnes of boric oxide per year. The mined borate ore is processed on site to remove 
impurities and concentrate the ore. Borates are shipped in bulk vessels from Los Angeles in 
the USA and Antofagasta in Chile direct to customers or to smaller packaging and 
distribution centres and then on to markets around the globe.
2.1 Borax Europe
Borax Europe is responsible for operations and distribution in Europe and South America, 
and has five production sites - Argentina, UK, Netherlands, France, and Spain. Figure 1 
shows a ocean going vessel (upper left) from Los Angeles being unloaded at Borax 
Rotterdam in the Netherlands. Bulk product in the form of borate powder is lifted out of the 
cargo holds by grab cranes and moved by conveyor systems to the storage domes. There are 
two such domes at Rotterdam. One of the domes can be seen towards the upper right of the 
picture, with the other immediately to its left, obscured by the vertical silos in the middle of 
the picture.
Refining activities such as sieving, grinding, and milling take place before the various types 
of powdered material are stored in the vertical storage silos shown in the upper middle of the 
picture. There are ten such silos, in two rows of five. Towards the foreground are the 
packaging and warehousing facilities, where material is packed and stored, awaiting loading 
to bulk barges, trains, and lorries for distribution to customers in Europe.
Figure 1 : Borax Rotterdam NV
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Other Borax operations also have site specific issues such as the control of noise arising from 
mills at operations in the UK and Spain, and the management of waste from the chemical 
process operations in France.
3. WHY ARE BORAX INTERESTED IN FORMAL ENVIRONMENT, HEALTH 
AND SAFETY MANAGEMENT SYSTEMS
3.1 Environmental Issues
A variety of environmental aspects are associated with these operations, as with most 
industrial operations. Potential issues such as aqueous releases, groundwater contamination, 
soil pollution, atmospheric emissions, and waste disposal exist throughout the group. Global 
issues such as global warming, acid rain, photochemical smog formation, and abiotic 
resource depletion are all contributed to by Borax operations through the use of materials and 
energy for the processing, packaging and distribution activities.
3.2 Health and Safety Issues
There are a number of health and safety issues, as there are in any manufacturing operation - 
fast moving forklift trucks manoeuvring, lorries and rail trucks shunting, large cranes and 
loading systems swinging around - all these moving objects present their own hazards. In 
addition there are process hazards - including pipe-work failures, gas explosions, fires, just as 
examples - should anything go wrong in the process.
3.3 Regulatory Compliance Is Not The Same As Best Practice
With careful management of the operations, the risks associated with any process hazards can 
be reduced, and there are a range of regulatory requirements which assist management in 
prioritising action and ensuring that any releases and risks are strictly controlled.
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However, it has become increasingly clear to Borax that regulatory compliance is no longer a 
guarantee of best possible environmental performance. The range of new legislation which is 
either in the initial stages of implementation, or has yet to be implemented, suggests that 
there is always room for improvement. Examples include landfill taxes, the packaging waste 
directive, and the proposals for further taxation on road transport and on energy 
consumption.
It is important to recognise the high level of inertia which has built up in Borax in the past 
decade. The vast majority of Borax operations involve minimal processing and the bulk of 
products are of low toxicity, non-flammable, and are non-explosive. In the years before the 
decision to introduce formal EHS management systems was taken there had been no major 
environmental accidents or claims, and the health and safety record had been sound. 
However, Borax is part of a much wider organisation and as reporting requirements from Rio 
Tinto have become more demanding the company has recognised the need for systems to go 
beyond mitigating the very serious consequences of poor management in the mining 
industry.
3.4 External Drivers
There are a number of external drivers acting upon any organisation which will influence the 
environmental policy and strategy adopted by an organisation to varying degrees. Hunt 
(1994) suggests that these drivers can originate from a number of groups:-
Table 1: Interest groups which scrutinise environmental practice4
: Legislators and Regulators Local authorities, Environmental protection agencies, National 
governments, European Community.
Opinion Shapers Media, Pressure groups, General public.
; The Marketplace Trade customers, Consumers, Competitors.
; Lenders and Insurers Banks, Investors, Shareholders, Insurers.
Workplace and Community Employees, Trade unions, Neighbours, Local authorities.
Borax only has one shareholder, its parent company Rio Tinto, which is large enough to act 
as bank, investor, shareholder and insurer to the Borax Group. This puts Rio Tinto in a strong 
position to play a critical role in the development of Borax strategy. Rio Tinto itself is 
influenced by the interest groups, and this passes down to the Group companies. In addition, 
Borax will be influenced directly by the other external interest groups. Figure 2 illustrates the 
relationship between Borax and its interest groups.
Figure 2: External Drivers Which Influence Borax Environmental Strategy
Lenders & Insurers
Legislators / Regulators
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4. HOW HAVE BORAX RESPONDED TO EXTERNAL PRESSURES
4.1 Recognition of the Need to Change
The Borax response to the increasing influence of these external drivers has been to realise 
that the historical approach to environment, health and safety, that of systems based around 
compliance with local, national, and international regulations, will be unable to satisfy the 
increasingly well informed interest groups in the immediate future. In addition to this, there 
is an internal recognition that good environmental performance will be critical for business 
success. Ultimately, one could argue that Borax will need to be able to demonstrate its 
contribution to sustainability, not straightforward for a minerals extraction group, but moving 
from a compliance approach to a continuous improvement approach in itself represents a 
substantial shift in outlook by the organisation.
4.2 Understanding What Needs to Change and How to Bring it About
Once one understands that there is a need to change, the next step is to identify what needs to 
change. Then one must identify how to go about it. The way Borax looks at its surroundings 
and the ways in which it interacts with them will be shaped by the way in which the 
organisation is arranged. Particularly important will be organisational structures - whether 
they are hierarchical or flat, control systems - how targets are agreed, set and progress 
monitored, together with how corrective action is initiated, and power structures - both 
formal and informal arrangements of authority and influence within the group.
Equally important are more intangible forces such as rituals and routines, symbols such as 
offices and company car allocation, and the stories told by members of staff to each other, to 
new members, and to people outside the organisation; all indicate the behaviour regarded as 
acceptable and unacceptable by the organisation. The resulting outlook and approach has 
been variously referred to as a ‘cultural web’, or an ‘organisational paradigm’.5,6
If the paradigm is going to change, then it must be reshaped by a number of forces. These 
will include symbolic and political activity and also changes in organisational systems and 
routines, as illustrated in Figure 3.
Figure 3: Mechanisms and Processes for Managing Strategic Change7
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4.3 The Change Agency
In April 1996 the change agency within Borax was the European environment, health, safety 
and regulatory affairs group, who recognised that their activities could increasingly be 
classified as ‘fire-fighting’. Regulatory compliance was the top priority and although this 
could be assured into the near future, it was increasingly being recognised that the key to 
longer term success would lie in achieving performance levels beyond those required by 
legislation. Thus, future legislative changes would not present difficulties to a group pursuing 
the best practice. It was also recognised that if a change in direction was going to be 
successful, careful review of options and group involvement in any decision would be critical 
factors.
4.4 Organisational Systems and Changes of Routine
The first of the paradigm shapers targeted was changes to organisational systems. Recent 
environment, health and safety audits by external consultants had recommended the 
introduction of formalised systems for EHS management. A seven month research project 
reviewed existing company systems, from environmental policy, objectives, target setting, 
management programmes, training, communication, operating procedures, emergency 
systems, measurement systems and review systems. This was followed by a review of the 
options which would help produce continuous improvements in performance rather than 
regulatory compliance alone.
This provided the starting point for any decision on future strategy. If desired future position 
has been established, current position must also be understood before one is able to plan the 
steps which lead from current position to future position. A very subjective matrix, based 
upon the system components of the international environmental management systems 
standard ISO 140018, indicates how well systems were implemented across the Group.
Table 2: Extent to which EHS Management System Aspects were Implemented across 
the Borax Group in 1996.
i Environmental Policy None None None None None Yes Yes (§) !
Environmental Aspects Some Some Some Some Some Some Some
Legal Requirements Yes Yes Yes Yes Yes Yes Yes
Objectives and Targets Some Some Some Some Some Some Some
Environmental 
Management Programmes
Some Some Some Some Some Some Some
Structure and 
Responsibility
Most Most Most Most Most Most Most
Training, Awareness and 
Competence
Some Some Some Some Some Some Some
i Communication Some Some Some Some Some Some Some
Document Control Yes Yes Yes Yes Yes Yes Yes
Operational Control Some Some Some Some Some Some Some
Emergency Preparedness Most Most Most Most Most Most Most
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and Response
Monitoring and 
Measurement
Some Some Some Some Some Some Some
Non-Conformance / 
Preventative Action
Some Some Some Some Some Some Some
Records Most Most Most Most Most Most Most
Audit Some Some Some Some Some Some Some
§ The non-US Operations all use the Group EHS Policy but do not have site specific policies.
The environment, health and safety managers from each of the group companies were 
involved in this review and helped to develop a short-list of options to devise and implement 
the strategy. The development of the options concerned whether there was a need for formal 
environmental management systems - what benefits they might bring, what needed to be 
included, what the strengths and weaknesses of the various standards such as EMAS and ISO 
14001 might be when compared with an in-house system, and whether or not health and 
safety should also be managed using such a system based upon quality principles such as 
Plan, Do, Check, Act.
Also considered were issues concerned with implementing any new system:-
1. Would a champion outside of the EHS group be needed, if so - who?
2. Should external consultants be brought in to help, if so - at what stage of development and 
deployment?
3. Would extra resource be needed, if so - how much, where and when?
4. How would the implementation be managed - would the centre dictate the strategy, would 
there be a group-wide steering group, or would each of the operating companies ‘go-it- 
alone’?
5. Would each of the operating companies implement their systems together, or would there 
be a cascade of knowledge from one site to the next?
6. How great a time-scale would be necessary for getting the initial systems up and running?
7. Should external verification be sought, if so- from whom and when?
It can be seen that there were a great number of options to consider. However, each 
possibility needed to be understood by the group before progressing to the next phase - 
political activity. If the implementation of the project were to be successful, then 
commitment and involvement from senior members of management, both at the operating 
companies and at a corporate level, would be desirable.
4.5 Political Activity
It was determined at an early stage that a champion to drive the process through would be 
helpful, to act as a catalyst. The perception within the EHS group was that if the changes they 
envisaged were to achieve their full potential, they had to be seen as a corporate project, 
rather than a project owned and organised by the EHS management. This involved recruiting 
a champion to move the project to the boardroom. Discussion with the EHS managers 
involved with the project reveals that the credibility of the champion is seen as the most 
important factor in the process. The champion upon whom the greatest effort was exerted to
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gain interest, commitment and involvement, was the director of operations for Europe, who 
had previously been vice-president in the US operations with responsibility for mine and 
plant activities .
The reasons for the success of this individual can be attributed to his position - a member of 
the board to whom the managing directors of the Group companies reported directly - and to 
his credibility beyond his position - this individual, as a former senior manager in the US, 
could convince colleagues from US operations of the benefits of change where perhaps 
others from Europe might not. A two day meeting was arranged at one of the operating 
locations involving all group EHS managers, group operations managers, and some of the 
group managing directors.
In addition, the European operations director, and the Rio Tinto EHS manager were present. 
The presence of a representative from the parent company endorsing the changes added 
weight to the decisions taken. The options were reviewed at the meeting and a group decision 
was taken, thus ensuring that all those who would be responsible for ensuring that the 
changes would be made possible were present and involved.
4.6 Symbolic Activity
Symbolic activity subsequently became very important - the involvement of managing 
directors in safety audits for example, helps promote changes as a group issue. In the future 
this activity will continue to be important - successes must be celebrated and rewarded to 
reinforce their importance in people’s minds.
5. RISKS AND LESSONS LEARNED
5.1 Over-involvement in Decision Making
The approach taken by Borax is one of involvement to ensure the understanding and 
commitment of all. The difficulty is that this can mean that change takes a long time to 
implement. In its desire to ensure that none of the operating companies are left behind, and to 
ensure that best practice is shared across the group, Borax has meetings involving as many of 
the EHS managers as possible to address issues such as setting environmental policy, 
assessment of significant aspects methodology, alternative approaches to management 
system documentation, for example.
It is, however, difficult, to arrange meetings regularly where it is possible for all to attend and 
so there are often delays. Borax is experiencing difficulties in ensuring that those determined 
to make progress are not frustrated and slowed by a determination to achieve consensus 
before moving on. Further difficulties are presented by language and culture. The Group 
language is English, but of the Group operations, English is only the first language in the UK 
and in the USA. Meetings can thus be dominated by those who speak English fluently while
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those not fluent in English, despite having equally valid opinions, find that they miss parts of 
the discussion and leave meetings with a different understanding of decisions than others.
Cultural differences, however, play a fundamental role in influencing approaches to 
environmental management. It is not the purpose of this paper to discuss in any depth 
specific cultures, but it is worth noting that some cultures are more hierarchical than others 
and so place great emphasis on defining roles and responsibilities and on specific operating 
instructions and procedures, while other cultures are slightly more liberal and focus more on 
policy and communication issues.
5.2 Confusion and Conflict Between Corporate Initiatives
Obeng (1995) reflected upon the difficulties experienced by many organisations in moving 
from strategic vision to strategic implementation. Often organisations embark upon a 
plethora of initiatives rather than just one, hoping that the collective force will move the 
organisation forward.9 Obeng’s view of the difference between desired and actual strategy 
deployment is shown in Figure 4.
Figure 4 : The Theory (left) and the Practice (right) of Strategic Implementation
e. For 
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has recently been launched. The competencies it strives to help participants develop include 
team-working skills, personal leadership, and the tools to cope with change. This initiative 
will benefit the implementation of the environmental management systems. However, others, 
such as the cost reduction program, may not - at least in the short term where extra staff have 
been recruited to help with the management of the implementation. In the longer term 
reduced energy and materials consumption and waste disposal costs should bring cost 
benefits.
6 . CONCLUSIONS
Borax is still in the early stages of deploying formal environmental management systems, but 
is already learning much about how best to manage the process. Those involved feel that 
early commitment by senior management and group involvement in that decision were 
successful. However, the group continues to learn how to accelerate its decision making 
process without diminishing the quality and durability of the decisions taken.
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Examples will include delegating responsibility for investigating options to members of the 
team who can then report back with proposals to the group, rather than the entire group 
starting from first principles and struggling through the process together. Improving the 
visible involvement of corporate leadership remains a priority, since the leader of an 
organisation will represent those activities which are core to the organisation and those which 
are not, more than any number of procedures and systems.
It is possible to draw a number of conclusions which are relevant beyond the specific 
circumstances of this particular example. Borax have learned through their experience thus 
far that culture and communication remain the most significant obstacles to progress in a 
multi-national organisation, particularly where different cultures have different priorities 
within the framework of an environmental management system. It may be that it is not 
possible for Borax to implement a group-wide system which works at each operating 
location, yet there may be generic aspects of systems which should be adopted throughout the 
group - methodology for determining environmental significance being critical.
The attributes of the champion for the project - excellent communication skills, wide ranging 
experience within the organisation with relevant knowledge of other operations in the 
business sector, knowledge of EHS issues from an operations and a corporate perspective, 
and credibility with those who needed to be persuaded of the benefits - may be important in 
any organisation attempting to change direction and culture regarding environment, health 
and safety.
In recent years a number of major organisations have felt compelled to review their cultures 
and management systems in the wake of corporate shocks of one kind or another: Exxon after 
the Valdez oil spill of the coast of Alaska, Shell after Brent Spar and the ongoing dispute 
with the Ogoni in Nigeria. These shocks need not be specific to environmental issues: ICI 
continues to restructure and redefine itself seven years after Lord Hanson expressed an 
interest in taking over the company, and Unilever found it needed to re-examine its culture 
after its abortive launch of Persil Power.
These examples have focused the attention of other companies, Borax included, who 
recognised that the absence of major incidents in their operations thus far was no guarantee 
that they had the necessary systems to prevent incidents occurring. This has provided the 
impetus to examine the entire culture of the organisation and to recognise the need to change 
the approach from compliance to continuous improvement. While challenging, such an 
exercise is more likely to bring long term business benefit than attempting to maintain the 
status-quo.
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Distribution Of Boron In The Environment
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ABSTRACT
The findings of a study to identify and quantify the orders of magnitude for major reservoirs 
and flows of boron in the environment are outlined. The orders of magnitude for boron 
reservoirs and flows arising through natural processes such as the hydrological cycle and 
volcanism are compared with those arising from anthropogenic activities such as coal 
combustion and the extraction and use of borates for commercial purposes.
The major stores and reservoirs for boron have been identified, in order of magnitude, as the 
continental and oceanic crusts (1018kg B), the oceans (1015 kg B), groundwater (1011 kg B), 
ice (1011 kg B), coal deposits (1010 kg B), commercial borate deposits (1010 kg B), biomass 
(1010 kg B), and surface waters (108 kg B). The largest flows of boron in the environment 
arise from the movement of boron into the atmosphere from oceans, at between 1.3 * 109 kg 
and 4.5 * 109 kg B per annum. Other hydrological flows are also important. Drainage from 
soil systems into ground-waters and surface waters accounts for between 4.3 * 108 kg and 1.3 
* 109 kg B per annum. Boron mining and volcanic eruptions represent the next most 
significant boron flows, accounting for approximately 4.0 * 108 kg and 3.0 * 108 kg B 
respectively.
Key Words: borates, boron, fossil fuels, geological mechanisms, hydrological cycle, 
mass balance, mining, tectonic activity
INTRODUCTION
Boron, the fifth element in the periodic table, occurs widely in nature in various forms and is 
extracted for commercial applications from surface deposits. These deposits occur in very 
few locations; these are in the desert regions of the world, with the predominant supplies 
coming from California and in Turkey//,) Approximately 300,000 tonnes of boron are 
removed from mined ore each year, destined for commercial applications, with the main 
end-use areas being the glass industry, the ceramic industry, the detergent industry, and the 
fertiliser industry. The use of boron in the manufacture and use of products in these industries 
will lead to a wide diffusion of boron into the environment through various pathways.
There is considerable interest in the role and behaviour of boron in the environment, 
particularly its role in plant and animal systems. Recent research in this field investigates 
eco-toxicological issues and risk issues associated with boron in organisms at various 
volumes and concentrations. What is lacking, however, is an overview of the mechanisms 
involved in the movement of boron at a global level. Particularly important in this arena is a
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comparison of the volumes of boron associated with anthropogenic activity with those which 
are related entirely to natural processes.
Although it is crucial to understand the impacts of a particular entity on the environment at a 
local level, it is also important to be able to place this research into a wider context. Recent 
risk assessment initiatives have focused attention upon materials as ‘contaminants’. 
However, it may be that in certain cases natural systems have an important role in the 
formation and movement of materials in the environment. In the case of boron this requires 
an understanding of the mechanisms which move boron in the environment as much as it 
requires an understanding of the processes which concentrate boron and the impact that this 
will have. The former has been the focus of a six month project to generate an initial global 
mass balance for boron.
This paper will give a general background into the geological mechanisms that give rise to 
global boron, those mechanisms which concentrate it in certain types of material, and those 
mechanisms which transport it in the environment. The objective of this work has been to 
generate an initial schematic of the transport processes, and a quantification of the orders of 
magnitude of these reservoirs and flows.
THE CHEMICAL AND GEOCHEMICAL PROPERTIES OF BORON
An understanding of the chemical and geological nature of boron will provide indicators as to 
where one is likely to find boron in the environment.
Boron Geology
The consensus among geochemists is that the earth began as a gas which then cooled in three 
stages;
Stage 1: Gas to Liquid, Stage 2: Liquid to Solid, Stage 3: Liquid to Solution
Rocks were formed during the second stage. Initially, at temperatures of around 1200°C, the 
heavy refractory oxides such as Fe30 4 and Cr20 3 sank to the bottom, then, as the liquid 
cooled towards 500°C, the solvent was molten silicon dioxide with solutes such as A120 3 and 
B20 3. Finally, as the temperature fell below 500°C, the main solvent was water, containing 
metal ions either too large or too small to fit into any of the crystal lattices formed thus far as 
solutes such as borate, phosphate and sulphide/2 )
Boron is never found in its elemental form in nature, but is found in rocks and concentrated 
in deposits as borates, i.e. bonded with oxygen together with sodium, calcium, silicon, or 
magnesium, for example, and will usually be hydrated.(1,3) Tectonic activity will provide a 
mechanism to introduce boron into the environment. It has been estimated that volcanic 
activity on the earth’s surface, for example, transmits approximately 300,000 tonnes of boron 
into the atmosphere every year.(4)
Boron Chemistry
Boron is found in Group III in the periodic table and is the most electronegative element in 
the group, with properties intermediate between metals and electronegative non­
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metals/5,6,7) The electron-structure of the element is ls22s2p and hence in its oxy- 
compounds boron usually forms three bonds, but in molecules like those of its halides there 
is a very strong tendency for a fourth bond to be formed to complete an octet of valency 
electrons./#/ The boron halides are easily hydrolysed with the formation of boric acid, 
H3BO3.
The key factors to note regarding the nature of boron are that it is associated with tectonic 
activity and that, depending on the nature of the bonds it has formed, it can dissociate in 
water from boric oxide to boric acid. These features are important when considering the 
mechanisms by which boron will move in the environment.
NATURAL MOVEMENT OF BORON
The chemical and geochemical features of boron provide some useful indicators as to where 
boron might be found in the environment and indicators as to boron’s mobility. Of particular 
interest will be geological systems, hydrological systems, and organic systems.
Boron in The Earth’s Crust.
Boron is present in varying amounts across a wide range of rock forming minerals, with 
concentrations of 8 ,0 0 0  ppm boron in neosilicate rocks and sorosilicate rocks and 1 ppm in 
Siberian ultramafic igneous rocks. (8) A report in Scientific American in 1996 suggests 
however, that, the composition of the upper part of the continental crust approximates that of 
granodiorite, and ordinary igneous rock that consist of light coloured quartz and feldspar, 
along with a peppering of various dark minerals, and that the oceanic basin can be described 
as likely to be mostly basalt, covered with a very thin layer of sediments.(9/
With the boron concentration of basalt at 10 ppm, and in granodiorite at approximately 15 
ppm,(9) and with the basaltic oceanic crusts representing one tenth of one percent of the 
earth’s mass, and the continental crusts representing one half one percent of the earth’s 
mass,//#/ and the earth’s mass being 5.97 * 1024 kg (10), then continental crusts will have a 
boron content of 4.4 * 1018 kg and the oceanic crusts 5.97 * 1016 kg boron, or 4,400 million 
million tonnes and 60 million million tonnes of boron respectively.
Boron in the Hydrological Cycle
With tectonic activity giving rise to boron in the environment and boron in borate form being 
potentially soluble, a logical place to look for boron would be in hydrological systems, 
especially oceans which lie above tectonic plate boundaries. According to Mellor (1980), 
boron is the tenth most abundant element in oceanic salts, varying in concentration in sea 
water from 0.52 mg/1 in the Baltic Sea to as much as 9.57 mg/1 in the Mediterranean Sea. The 
global average, however, is approximately 4.6 mg/1 .(11)
There are between 1.31 * 1021 and 1.4 *1021 litres of water in the world’s oceans. (12,13,14) If 
boron is present at 4.6 mg/1, then the world’s oceans hold between 6.026 *1015 kg and 6.44 * 
1 0 15 kg of boron, or over 6  million million tonnes.
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Boron can be transmitted from the seas to the atmosphere through a process whereby boron 
salts are injected into the atmosphere directly at the water-air interface, and through the 
volatilisation of boron from the seas as boric acid, H3B03. It has been determined by 
Anderson et al. (1994) that between 1.3 million tonnes and 4 million tonnes of boron are 
transmitted to atmosphere from marine sources each year by these mechanisms.(5)
Boron will be present in other reservoirs of the hydrological cycle: groundwater, surface 
water, and ice. Opinions vary as to the exact level of boron in surface waters and ground­
waters, and as to the size of the groundwater reservoirs within the earth’s crust, with mean 
surface water boron concentrations ranging from 0.01 mg/1 (12,15) to 0.1mg/l (7,16) Work 
into the concentration of materials in ground-waters is highly location specific, and there is 
insufficient data to generate a global mean value for boron concentration in groundwater. A 
range of values has been derived based on the data that does exist, and it can be suggested 
that for most ground-waters the boron concentration lies in the range 0.017 mg/1 and 1.904 
mg/1. (17,18,19)
With global ground-waters estimated to be approximately 8.4 * 1018 litres, then boron is 
present in groundwater at a global level of between 1.428 * 1011 kg and 159.9 * 1011 kg, or
between 140 million tonnes and 16 thousand million tonnes boron.
Boron in Organic Systems
Boron in the form of borates has relatively high solubility which means that if it is present in 
hydrological systems it will find its way into organic systems such as plants, aquatic life, and 
animals. In fact, boron is an essential micro-nutrient in plants,(7,20,21) and is seen to be 
important in animals.(22,23) The extent to which boron is present in different plants and 
animals varies a great deal, from <0.07 mg/kg boron in animal livers/24) up to as high as 248 
mg/kg boron in some sea-weeds./25) It has been suggested that the average boron content in 
organic matter will lie in the range of 30 to 50 ppm.(22)
If the total biomass of the planet is 4 * 1015 kg (4 trillion tonnes), of which approximately 
99% is plant matter,(26) then the boron content of the biomass lies in the range 1.2 * 1011 kg 
to 2  * 1 0 11 kg or 1 2 0  million to 2 0 0  million tonnes.
The vast majority of this boron will be in equilibrium in the system, cycling from soil and sea
to plants and animals and back into the soil or sea as decaying matter. Agricultural removal 
of biomass (approximately 2 .6  * 1 0 12 kg)//// accounts for less than 0 .1% of global biomass. 
This flow will represent a boron value in the range 7.797 * 107 kg to 12.995 * 107 kg, or
78,000 to 130,000 tonnes of boron each year.
Some organic material will be transmitted to the atmosphere through agricultural burning and 
forest fires. These two flows represent boron values of 150,000 tonnes and 6,500 tonnes of 
boron each year.(5)
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Boron in Soils
Soil systems represent an important environmental compartment in the material pathway for 
boron. Boron can enter the soil systems through atmospheric deposition, rock weathering, 
decomposing organic matter, through rising tables of water and on a more localised basis 
through landfill leaching and the application of boron-containing fertilisers, for example. A 
variety of mechanisms exist within soil systems which will influence the residence time of 
boron within the soil. These include the relative demand for boron from plant life within the 
soil, the amount of rainfall either washing boron out of the soil profile or adding boron to it, 
the action of clays acting as adsorption / desorption sites for boron, and soil pH.
For the purposes of this work, there was insufficient data to determine the amount of boron 
present in global soil systems, nor was it possible to determine residence times for boron in 
the soil. However, a separate study undertaken into boron mass balancing in a river system 
would suggest that known additions into the soil and water courses are balanced by those 
measured in the river.(27)
ANTHROPOGENIC MOVEMENT OF BORON
One of the key objectives of this work has been to establish the relative importance of 
industrial activity and consumption of boron within the global system. This has required an 
in-depth analysis of the commercial applications using borates, the final fate of the products 
manufactured, and on the industrial processes involved, both in the extraction and refining of 
borates and in the production of boron-related products. In addition, boron may be present in 
other materials used in anthropogenic activities such as fossil fuel burning. Therefore, these 
applications will also be reviewed.
Boron in Fossil Fuels
If boron is present in organic matter, then it would be expected to be present in fossilised 
organic matter such as oil and coal. In fact, boron is present in extremely low concentrations 
in oil (total global boron content in oil reserves is approximately 64,000 tonnes) but is 
present in higher concentrations in coal. Various studies have determined the boron 
concentration of various coals in different locations, whilst other studies have estimate the 
coal reserves of different locations.(9,12,28,29,30) By drawing these studies together it is 
possible to calculate a value for the boron present in coal reserves.
Boron is present in the earth’s reserves of just over one trillion tonnes of coal (1.043 * 1015 
kg) at a concentration of between 12.17 mg/kg and 135.95 mg/kg. This means that there are 
between 12.7 million tonnes and 148.1 million tonnes of boron present in the earth’s coal 
reserves.
In 1994, just under four and a half billion tonnes of coal were extracted and burned, 
containing between 54,000 and 605,000 tonnes of boron. When coal is burned the boron 
present will either volatilise into boric acid or be released into the ash itself. Fogg and Duce 
(1985) suggest that when coal is burned 50% of the boron present is volatilised into the 
atmosphere and 50% goes to ash. (31)
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The relative proportions of ash that go to atmosphere and to the ground will depend upon a 
number of variables, such as the existence of a stack, but it has been estimated that between 
5% and 10% of the ash goes to atmosphere, and the remaining 90% to 95% of the ash goes 
either straight to the ground or to landfill.(29,32,32) Thus, between 28,000 tonnes and
330.000 tonnes of boron go to atmosphere from coal combustion each year and between
24.000 and 287,000 tonnes of boron go to landfill / soil each year from coal combustion.
Boron Mining and Processing
The major steps in the mining and processing of borates at US Borax’s mine at Boron, 
California, which produces approximately one half of all commercially recovered boron, are 
as follows. Firstly the overburden, the clay material which covers the ore, and the borate ore 
itself are loosened by the use of explosive blasting. Secondly the overburden is removed, 
then the borate ore is mined using mechanical shovels, transported to a primary crusher and 
then stockpiled for processing.
The processing stage involves the borate ore being dissolved and screened, thickened in 
settling tanks, the solution is then cooled in vacuum crystallisers to form the different 
crystallised products, and then dried and cooled before being sent to silos to await shipping.
Borate which is not recovered from the mining and processing stages will emerge in the form 
of gangues; mixtures of insoluble material and impurities separated during the processing 
stages. These go to stockpiles, or to solar ponds where they are concentrated by solar action, 
for subsequent reprocessing. Dust houses recover the dust created during the crushing stages 
to be re-used in processing.
The level of losses during the mining and refining stages of borate production have been 
assessed. If this data is applied to all other borate processes, then it can be estimated that at a 
global level the following mass values arise:
Global Commercial Borate Deposits: 30.75 to 64.4 million tonnes boron(33)
Boron Extracted Each Year: 370,000 to 410,000 tonnes boron
Boron Not Recovered During Processing: 60,000 to 100,000 tonnes boron
Boron Yield: 310,000 tonnes boron
Commercial Boron-Based Product Manufacturing
Each year just over 300,000 tonnes of boron is recovered from refined extracted deposits 
destined for five main product groups, illustrated in Table 1.
Some of this material is lost into the environment during manufacturing processes. The 
production processes involved in commercial manufacturing of boron-related products have 
been analysed and emissions determined. (34) It should be emphasised, however, that 
different manufacturers produce products in different ways and at different levels of 
efficiency across the world. However, where absolute accuracy of data cannot be assured, a 
range of values have been determined for material flows. Figure 1 summarises boron mass 
flows arising from commercial activities.
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Just under 70,000 tonnes of boron are designated for ‘other’ products. The majority of the 
boron in this sector is sold to distributors who then sell the boron on to small customer 
groups. Data is not available for this industrial group, so process losses for this group cannot 
be determined in this work. Boron remains in a soluble form in fertilisers and detergents, but 
becomes bonded into the ceramics, glass, and insulation product during the production phase.
To summarise, boron moves to atmosphere from stack emissions during the production of 
ceramics, glass and cellulose insulation; to water from the production of ceramics, and 
fertilisers, and from the production and use of detergents; to soil from the use of fertilisers; 
and to landfill from borate processing, from the production of ceramics and detergents, and 
from the disposal after use of glassware, ceramics, insulation, and the ‘other’ applications. It 
is possible that the boron in landfill may find its way into the soil and water systems. Work 
by the US Army of Engineers has determined that boron from sources such as coal ash is 
highly mobile in landfill,(35) so any non-bonded boron in unconfined landfill could move into 
the soil system and hence into the aqueous phase.
KEY FINDINGS FOR BORON FLOWS
The findings for natural and anthropogenic systems can be drawn together into a mass flow 
schematic, as shown in Figure 2. It can be seen that several cycling systems exist between the 
reservoirs. For example, boron removed from the oceans through transmission to the 
atmosphere will return either through direct precipitation over the oceans, or by precipitation 
over land followed by passing through the soil into the continental drainage system. This 
system has been identified as the largest flow system, with 1.3 * 109 kg to 4.5 * 109 kg B 
moved into atmosphere from the seas and hence washed out over land and sea.
By far the most dominant quantified flows are those going to atmosphere. As the mass flow 
diagram shows, there are six major sources of boron flows to the atmosphere. These are, in 
order of magnitude: ocean transmission, volcanism, agricultural burning, coal combustion, 
industrial activity, and forest fires. The sum total of these flows lies in the range 1.796 to 5.3 
billion kilograms per year.
Flows from the surface systems are less well quantified, with weathering from continental 
crusts unknown. However, coal mining and borate mining account for the removal of 
between 0.44 and 1.01 billion kilograms of boron per year.
CONCLUSIONS
Several conclusions can be drawn from the data on boron flows:
1. By the far the most dominant flows of boron arise from the movement of boron into the 
atmosphere from oceans at between 1.3 * 109 and 4.5 * 109 kg per year.
2. Boron mining represents a flow of boron out of the ground of a similar order of magnitude 
to volcanic eruptions, with boron mining estimated to represent a flow of approximately 4
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* 108 kg boron and volcanic eruptions estimated to represent a flow of around 3 * 108 kg 
boron per year.
3. Coal mining represents a boron flow from the ground of similar magnitude to boron 
mining and volcanoes, with between 5 * 107 kg and 6  * 108 kg boron removed in coal each 
year.
4. Anthropogenic activity associated with the conversion of borates to commercial products 
and the consumption of such products represent boron flows of orders of magnitude far 
lower than those associated with natural processes. Industrial activity such as glass 
products production, ceramics production etc., represent flows of boron to atmosphere of 
approximately 1 * 1 0 7 kg, a small percentage (<0.56%) of the total boron flows to the 
atmosphere of between 1.8 * 109 kg and 5.3 * 109 kg per year.
5. Process losses from industry and the use of detergents represent flows to aqueous systems 
of approximately 5.3 * 107 kg per year. Drainage into the sea from rivers and ground­
waters is estimated to represent anything from 3.9 * 108 kg to as much as 1 * 1010 kg of 
boron per year, much of which is boron which was previously moved into atmosphere 
from the seas by natural processes.
It would, however, be unscientific to draw anything more than broad conclusions from the 
data. The mass of boron in the crusts can be seen to be extremely large, but the data used to 
generate these figures is so speculative that the magnitude of boron in the crusts could vary 
by a factor of ten in either direction, an error which is larger than the sum of all the other 
reservoirs. The data for the continental and oceanic crusts is useful, however, in that it shows 
that these systems are so large that the earth’s surface can, in fact, be considered a 
homogeneous mass. Borate deposits are substantial, but they are in the region of being of a 
magnitude one hundred million times less than in the crusts as a whole.
It must be recognised at all times when evaluating the mass values presented that there is 
insufficient data to define mass values with errors of less than ten percent. The mass of boron 
present in any given reservoir is obtained by multiplying together the mass of the reservoir 
and the concentration at which boron is present in this reservoir. Errors are brought into these 
calculations where accurate data for either, or both, these variables is not available.
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Figure 1: Schematic Summary of Anthropogenic Boron Mass Flows
2.395 * 106kg7.48 * 10*1 176 kg
Glass
| \ I \ N
Others
KNK
Fertiliser Cellulose
Insulatior
CeramicsBoric
Acid
DetergentPrimary
Process
6.833 * 2.902 *1.211 *10*kg
10‘kg3.075 * 10!kg
6.833 *
1.545 * 107kg 6.035 * 10‘kg,ST
6.485 * 1036.274 *107kg 1.957 * 107kg
2 .8 1 8 -2 .9 3 2 *  10'kg10 -1829 kg
1.545 * 107kg
Extraction 
.898 * lO'kg 5.665 - 5.841 * 107kg06kg 5.134-,5.311 * 10!kg1.59
PONDS / STOCKPILES
SOIL
USE
LANDFILL
WATER
3.075 - 6.44 * 1010kg
DEPOSITS:
AIR
All flows are expressed in kilograms B per annum.
KEY.
-► Materials Flow. 
Assumed Flow.
Reservoir.
PP4 -  Distribution o f  Boron in the Environment
9
En
gi
ne
er
in
g 
Do
ct
or
at
e 
in 
En
vi
ro
nm
en
ta
l 
Te
ch
no
lo
gy
. 
Su
st
ai
na
bl
e 
D
ev
el
op
m
en
t 
an
d 
the
 
G
lo
ba
l 
Mi
ni
ng
 
In
du
st
ry
P.
W
. 
Ar
gu
st
, 
Rio
 
Tin
to
 
/ 
B
or
ax
=3 g o oo 2  oo PJ 
JZ O
s  9
00
00
CO
00
CO
CO
oo
CO
o t
H 2CO ...
co
O
CO
00
RCPs
R
•S
R
eq ' 
'o'
R
•S
a^
2
Engineering Doctorate in Environmental Technology. Sustainable Development and the Global Mining Industry
P.W. Argust, Rio Tinto /  Borax
Table 1: Global Industrial Boron Use Volume, to Nearest 5,000 Tonnes, 1994(36)
Insulation Fibreglass / Textile Fibreglass / Borosilicate Glass 120,000
Ceramics 40,000
Detergents 60,000
Fertilisers 15,000
Cellulose Insulation 5,000
Other 70,000
TOTAL 310,000
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A Global Mass Balance For Boron
Peter W Argust 
The University of Surrey, Guildford, Surrey, GU2 5XH 
RTZ Borax Europe, 170 Priestley Road, Guildford, Surrey, GU2 5RQ
ABSTRACT
In this paper the author discusses the results of his first project in his research into 
developing environmental management systems in the borate mining industry. The 
work discussed here concerns the development of a global mass balance for boron.
This has involved the identification of the reservoirs and flows of boron in the 
environment, and determining the relative significance of anthropogenic flows of 
boron arising from commercial mining and processing through to final fate of borate 
products such as detergents, fertilisers, fibreglass, and ceramics, against those arising 
through natural mechanisms such as the hydrological cycle and tectonic activity.
1. INTRODUCTION
Boron, the fifth element in the periodic table, occurs widely in nature in various forms and is 
extracted for commercial applications from surface deposits. These deposits occur in very 
few locations; predominantly in California and in Turkey.(1) Approximately 300,000 tonnes 
of boron is removed from mined ore each year, destined for commercial applications, with 
the main end-use areas being the glass industry, the ceramic industry, the detergent industry, 
and the fertiliser industry. The use of boron in the manufacture and use of products in these 
industries will lead to a wide diffusion of boron into the environment through various 
pathways.
There has been increasing interest in the role and behaviour of boron in the environment in 
recent years, and boron has been classified as a ‘Grey List’ Material under EC Framework 
Directive 76/464/EEC, with a guideline mean concentration limit in drinking water of 0.1 
mg/1 under Directive 80/778/EEC, brought into force in the UK in 1992.(2)
Research work thus far has concentrated on the eco-toxicological impact of boron on 
organisms at various concentrations, rather than on the quantification of the various 
reservoirs of boron in the environment, and the mechanisms by which it is moved therein. 
Although it is important to understand the impacts of a particular entity on the environment, 
a genuine shift from clean-up technology to clean technology will require the nature of the 
problem to be understood more fully. Tough legislation to limit the quantity of a particular 
chemical in water is useless if it turns out that almost all the material present in the water 
under analysis has been derived from natural mechanisms rather than the intervention of 
man.
In the case of boron this requires an understanding of the mechanisms which move boron in 
the environment as much as it requires an understanding of the processes which concentrate 
boron and the impact that this will have. The former has been the focus of a six month 
project to generate an initial global mass balance for boron. This paper will give a general 
background into the geological mechanisms that give rise to global boron, those mechanisms 
which concentrate it in certain types of material, and those mechanisms which transport it in 
the environment. The objective of this work has been to generate an initial schematic of the 
transport processes, and a quantification of the orders of magnitude of these reservoirs and 
flows.
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2. MATERIALS PATHWAYS
A model developed to map materials pathways and used by Dennis(3) is shown below. It 
demonstrates the inter-relationship between different components of an eco-system and how 
the media of air, water, sediments, and soils can act as reservoirs and dispersion agencies for 
materials in the environment.
Figure 1. Materials Pathways
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The niudul used by Dennis can be mudified tu describe the pathways by which buiun carr
move in the environment. In order to understand how such a modification can be carried out, 
an introduction to boron geology and chemistry will be needed to gain an insight into where 
one is likely to find boron and how it might move.
3. THE CHEMICAL AND GEOCHEMICAL PROPERTIES OF BORON
An understanding of the chemical and geological nature of boron will provide indicators as to 
where one is likely to find boron in the environment.
3.1 Boron Geology
The consensus among geochemists is suggested to be that the earth began as a gas which then 
cooled in three stages;
Stage 1: Gas to Liquid, Stage 2: Liquid to Solid, Stage 3: Liquid to Solution
Rocks were formed during the second stage. Initially, at temperatures of around 1200°C, the 
heavy refractory oxides such as Fe30 4 and Cr20 3 sank to the bottom, then, as the liquid 
cooled towards 500°C, the solvent was molten silicon dioxide with solutes such as A120 3 and 
B20 3. Finally, as the temperature fell below 500°C, the main solvent was water, containing 
metal ions either too large or too small to fit into any of the crystal lattices formed thus far as 
solutes such as borate, phosphate and sulphide.(4)
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Boron is never found in its elemental form in nature, but will be found in rocks and 
concentrated in deposits as borates, i.e. bonded with oxygen together with sodium, calcium, 
silicon, or magnesium, for example, and borates usually have water molecules attached to 
them.(1,5) Tectonic activity will provide a mechanism to introduce boron into the environment. 
It has been estimated that volcanic activity on the earth’s surface, for example, transmits 
approximately 300,000 tonnes of boron into the atmosphere every year.(6)
3.2 Boron Chemistry
Boron is found in periodic Group III and is the most electronegative element in the group, 
with properties intermediate between metals and electronegative non-metals.(7,8,9) The 
electron-structure of the element is ls22s2p and hence in its oxy-compounds boron usually 
forms three bonds, but in molecules like those of its halides there is a very strong tendency 
for a fourth bond to be formed to complete an octet of valency electrons.(9) The boron halides 
are easily hydrolysed with the formation of boric acid, H3B03.
The key factors to note, then, regarding the nature of boron, are that it is associated with 
tectonic activity, and that, depending on the nature of the bonds it has formed, it can 
dissociate in water from boric oxide to boric acid. These features are important when 
considering the mechanisms by which boron will move in the environment.
4. ANTHROPOGENIC MOVEMENT OF BORON
One of the key objectives of this work has been to establish the relative importance of 
industrial activity and consumption of boron in the global system. This has required an in- 
depth analysis of all the commercial applications using boron, the final fate of the products 
manufactured, and on the industrial processes involved, both in the extraction and refining of 
boron and in the production of boron-related products.
4.1 Boron Mining and Processing
The major steps in the mining and processing of borates at Boron, California, which produces 
approximately one half of all commercially recovered boron, are as follows. Firstly the 
overburden, the clay material which covers the ore, and the borate ore itself are loosened by 
the use of explosive blasting. Secondly the overburden is removed, then the borate ore is 
mined using mechanical shovels, transported to a primary crusher and then stockpiled for 
processing.
The processing stage involves the borate ore being dissolved and screened, thickened in 
settling tanks, the solution is then cooled in vacuum crystallisers to form the different 
crystallised products, and then dried and cooled before being sent to silos to await shipping.
Boron which is not recovered from the mining and processing stages will come in the form of 
gangues; mixtures of insoluble material and impurities separated during the processing 
stages. These go to stockpiles, or to solar ponds where they are concentrated by solar action, 
for subsequent reprocessing. Dust houses recover the dust created during the crushing stages 
to be re-used in processing.
Process research at Boron, California, has determined the level of losses during the mining 
and refining stage. Such data has not been made available by other organisations due to 
reasons of commercial sensitivity. If the data for Boron are applied to other processes, then 
the following mass values arise:
Global Commercial Borate Deposits: 30.75 to 64.4 million tonnes boron(10)
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Boron Extracted Each Year: 370,000 to 410,000 tonnes boron
Boron Not Recovered During Processing: 60,000 to 100,000 tonnes boron
Boron Yield: 310,000 tonnes boron
4.2 Commercial Boron-Based Product Manufacturing
Each year just over 300,000 tonnes of boron is recovered from refined extracted deposits 
destined for the following main product groups:
Table 1: Global Industrial Boron Use Volume, to Nearest 5,000 Tonnes, 1994(11)
Insulation Fibreglass / Textile Fibreglass / Borosilicate Glass 120,000
Ceramics 40,000
Detergents 60,000
Fertilisers 15,000
Cellulose Insulation 5,000
Distributors / Other 70,000
TOTAL 310,000
Some of this material is lost into the environment during manufacturing processes. The 
production processes involved in commercial manufacturing of boron-related products have 
been analysed and emissions determined.(l2) It should be emphasised, however, that different 
manufacturers produce products in different ways and at different levels of efficiency across 
the planet. However, where absolute accuracy of data cannot be assured, a range of values 
have been determined for material flows.
Figure 2 summarises boron mass flows arising from commercial activities.
Just under 70,000 tonnes of boron are designated for ‘other’ products. The majority of the 
boron in this sector is sold to distributors who then sell the boron on to small customer 
groups. Data is not available for this industrial group, so process losses for this group cannot 
be determined in this work. Boron remains in a soluble form in fertilisers and detergents, but 
becomes bonded into the ceramics, glass, and insulation product during the production phase.
Figure 2: Schematic Summary of Anthropogenic Boron Mass Flows
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To summarise, boron moves to atmosphere from stack emissions during the production of 
ceramics, glass and cellulose insulation; to water from the production of ceramics, and 
fertilisers, and from the production and use of detergents; to soil from the use of fertilisers; 
and to landfill from borate processing, from the production of ceramics and detergents, and 
from the disposal after use of glassware, ceramics, insulation, and the ‘other’ applications. It 
is possible that the boron in landfill may find its way into the soil and water systems. Work 
by the US Army of Engineers has determined that boron from sources such as coal ash is 
highly mobile in landfill,(13) so any non-bonded boron in unconfined landfill could move into 
the soil system.
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5. NATURAL MOVEMENT OF BORON
It has been shown that commercial processes are responsible for the movement of 
approximately 310,000 tonnes of boron each year, with around 10,000 tonnes going to 
atmosphere, 60,000 tonnes going to surface waters, 15,000 tonnes going directly to soils as 
fertiliser, and the difference, some 225,000 tonnes going to landfills and tips. More specific 
figures are shown in the mass balance schematic, Figure 3 on Page 2/9. How significant are 
these values when compared with natural processes?
5.1 Boron in The Earth’s Crust.
Boron is present to varying degrees across a wide range of rock forming minerals, with 
concentrations as high as 8,000 ppm boron in neosilicates and sorosilicates and as low as 1 
ppm in Siberian ultramafic igneous rocks.(14) Other rocks have no boron present. A report in 
Scientific American in 1996 suggests however, that, the composition of the upper part of the 
continental crust approximates that of granodiorite, and ordinary igneous rock that consist of 
light coloured quartz and feldspar, along with a peppering of various dark minerals, and that 
the oceanic basin can be described as likely to be mostly basalt, with a very thin layer of 
sediments across the top.(15)
With the boron concentration of basalt at 10 ppm, and in granodiorite at approximately 15 
ppm,(14) and with the basaltic oceanic crusts representing one tenth of one percent of the 
earth’s mass, and the continental crusts representing one half one percent of the earth’s 
mass,(15) and the earth’s mass being 5.97 * 1024 kg(16), then continental crusts will have a 
boron content of 4.4 * 1018 kg and the oceanic crusts 5.97 * 1016 kg boron, or 4,400 million 
million tonnes and 60 million million tonnes of boron respectively.
5.2 Boron in the Hydrological Cycle
As discussed earlier, tectonic activity gives rise to boron in the environment, and boron can 
be soluble. An early place to look for boron, then, would be in hydrological systems, 
especially oceans which lie above tectonic plate boundaries. According to Mellor, boron is 
the tenth most abundant element in oceanic salts, varying in concentration in sea water from
0.52 mg/1 in the Baltic Sea to as much as 9.57 mg/1 in the Mediterranean Sea. The global 
average, however, is approximately 4.6 mg/l.(17)
There are between 1.31 * 1021 and 1.4 *1021 litres of water in the world’s oceans.(18,19,20) If 
boron is present at 4.6 mg/1, then the world’s oceans hold between 6.026 *1015 kg and 6.44 * 
1015 kg of boron, or over 6 million million tonnes.
Boron can be transmitted from the seas to the atmosphere through a process whereby boron 
salts are injected into the atmosphere directly at the water-air interface, and through the 
volatilisation of boron from the seas as boric acid, H3B03. It has been determined by 
Anderson et al. (1994) that between 1.3 million tonnes and 4 million tonnes of boron are 
transmitted to atmosphere from marine sources each year by these mechanisms.(6)
Boron will be present in other reservoirs of the hydrological cycle: groundwater, surface 
water, and ice. Opinions vary as to the exact level of boron in surface waters and ground­
waters, and as to the size of the groundwater reservoirs within the earth’s crust, with mean 
surface water boron concentrations ranging from 0.01 mg/1(17,21) to 0.1mg/l(8,22)
A similar issue arises in groundwater. Work into concentrations of materials in ground­
waters is highly location specific, and there is insufficient data to generate a global mean 
value for boron concentration in groundwater. A range of values has been derived based on
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the data that does exist, and it can be suggested that for most ground-waters on earth boron 
concentration lies in the range 0.017 mg/1 and 1.904 mg/l.(23,24,25)
With global ground-waters estimated to be approximately 8.4 * 1018 litres, then boron is 
present in groundwater at a global level of between 1.428 * 1011 kg and 159.9 * 1011 kg, or 
between 140 million tonnes and 16 thousand million tonnes boron.
5.3 Boron in Organic Systems and Fossil Fuels
Boron’s solubility means that if it is present in hydrological systems it will find its way into 
organic systems such as plants, aquatic life, and animals. In fact, boron is an essential micro­
nutrient in plants,(8,26,27) and is seen to be important in animals.(28,29) The extent to which boron 
is present in different plants and animals varies a great deal, from <0.07 mg/kg boron in 
animal livers(30) up to as high as 248 mg/kg boron in some sea-weeds.(31) It has been suggested 
that the average boron content in organic matter will lie in the range of 30 to 50 ppm.(27)
If the total biomass of the planet is 4 * 1015 kg (4 trillion tonnes), of which approximately 
99% is plant matter,(32) then the boron content of the biomass lies in the range 1.2 * 1011 kg to 
2 * 1011 kg or 120 million to 200 million tonnes.
The vast majority of this boron will be in equilibrium in the system, cycling from soil and sea 
to plants and animals and back into the soil or sea as decaying matter. Agricultural removal 
of biomass (approximately 2.6 * 1012 kg)(16) accounts for less than 0.1% of global biomass. 
This flow will represent a boron value in the range 7.797 * 107 kg to 12.995 * 107 kg, or
78.000 to 130,000 tonnes of boron each year.
Some organic material will be transmitted to the atmosphere through agricultural burning and 
forest fires. These two flows represent boron values of 150,000 tonnes and 6,500 tonnes of 
boron each year.(6)
If boron is present in organic matter, then it may also be present in fossilised organic matter 
such as oil and coal. In fact, boron is present in extremely low concentrations in oil (total 
global boron content in oil reserves is approximately 64,000 tonnes) but is present in higher 
concentrations in coal. Various studies have determined the boron concentration of various 
coals in different locations, whilst other studies have estimate the coal reserves of different 
locations.(14,17’33,34’35) By drawing these studies together it is possible to calculate a value for 
the boron present in coal reserves.
Boron is present in the earth’s reserves of just over one trillion tonnes of coal (1.043 * 1015 
kg) at a concentration of between 12.17 mg/kg and 135.95 mg/kg. This means that there are 
between 12.7 million tonnes and 148.1 million tonnes of boron present in the earth’s coal 
reserves.
In 1994, just under four and a half billion tonnes of coal were extracted and burned, 
containing between 54,000 and 605,000 tonnes of boron. When coal is burned the boron 
present will either volatilise into boric acid or be released into the ash itself. Fogg and Duce 
(1985) suggest that when coal is burned 50% of the boron present is volatilised into the 
atmosphere and 50% goes to ash.(36)
The relative proportions of ash that go to atmosphere and to the ground will depend upon a 
number of variables, such as the existence of a stack, but it has been estimated that between 
5% and 10% of the ash goes to atmosphere, and the remaining 90% to 95% of the ash goes 
either straight to the ground or to landfill.(33,36,37) Thus, between 28,000 tonnes and 330,000 
tonnes of boron go to atmosphere from coal combustion each year and between 24,000 and
287.000 tonnes of boron go to landfill / soil each year from coal combustion.
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5.4 Boron in Soils
Soil systems represent an important compartment in the material pathway for boron in the 
environment. Boron can enter the soil systems through atmospheric deposition, rock 
weathering, decomposing organic matter, landfill leaching, the application of boron- 
containing fertilisers, and through rising tables of water, for example. A variety of 
mechanisms exist within soil systems which will influence the residence time of boron within 
the soil. These include the relative demand for boron from plant life within the soil, the 
amount of rainfall either washing boron out of the soil profile or adding boron to it, the action 
of clays acting as adsorption / desorption sites for boron, and soil pH.
For the purposes of this work, there was insufficient data to determine the amount of boron 
present in global soil systems, nor was it possible to determine residence times for boron in 
the soil. However, a separate study undertaken into boron mass balancing in a river system 
would suggest that known additions into the soil and water courses are balanced by those 
measured in the river.(38)
6. KEY FINDINGS FOR BORON FLOWS
Several cycling systems exist between the reservoirs. For example, boron removed from the 
oceans through transmission to the atmosphere will return either through direct precipitation 
over the oceans, or by precipitation over land followed by passing through the soil into the 
continental drainage system. This system has been identified as the largest flow system, with
1.3 * 109 kg to 4.5 * 109 kg B moved into atmosphere from the seas and hence washed out 
over land and sea.
By far the most dominant quantified flows are those going to atmosphere. As the mass flow 
diagram shows, there are six major sources of boron flows to the atmosphere. These are, in 
order of magnitude: ocean transmission, volcanism, agricultural burning, coal combustion, 
industrial activity, and forest fires. The sum total of these flows lies in the range 1.796 to 5.3 
billion kilograms per year.
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Flows from the surface systems are less well quantified, with weathering from continental 
crusts unknown. However, coal mining and borate mining account for the removal of 
between 0.44 and 1.01 billion kilograms of boron per year.
Several conclusions can be drawn from the data on boron flows:
1. By the far the most dominant flows of boron arise from the movement of boron into the 
atmosphere from oceans.
2. Boron mining represents a flow of boron out of the ground of a similar order of magnitude 
to volcanic eruptions, with boron mining estimated to represent a flow of around four 
hundred million kilograms boron and volcanic eruptions estimated to represent a flow of 
around three hundred million kilograms per year.
3. Coal mining represents a boron flow from the ground of similar magnitude to boron 
mining and volcanoes, with between fifty and six hundred million kilograms boron 
removed in coal each year.
4. Anthropogenic activity associated with the conversion of borates to commercial products 
and the consumption of such products represent boron flows of orders of magnitude far 
lower than those associated with natural processes. Industrial activity such as glass 
products production, ceramics production etc., represent flows of boron to atmosphere of 
approximately ten million kilograms, a small percentage (<0.56%) of the total boron 
flows to the atmosphere of between one thousand eight-hundred million kilograms and 
five thousand three-hundred million kilograms per year.
5. Process losses from industry and the use of detergents represent flows to aqueous systems 
of approximately fifty three million kilograms per year. Drainage into the sea from rivers 
and ground-waters is estimated to represent anything from three hundred and ninety 
million kilograms to as much as ten billion kilograms of boron per year, much of which is 
boron which was previously moved into atmosphere from the seas by natural processes.
7. CONCLUSIONS
It would be unscientific to draw anything more than broad conclusions from the data. The 
mass of boron in the crusts can be seen to be extremely large, but the data used to generate 
these figures is so speculative that the magnitude of boron in the crusts could vary by a factor 
of ten in either direction, an error which is larger than the sum of all the other reservoirs. The 
data for the continental and oceanic crusts is useful, however, in that it shows that these 
systems are so large that the earth’s surface can, in fact, be considered a homogeneous mass. 
Borate deposits are substantial, but they are in the region of being of a magnitude one 
hundred million times less than in the crusts as a whole.
It must be recognised at all times when evaluating the mass values presented that there is 
insufficient data to define mass values with errors of less than ten percent. The mass of boron 
present in any given reservoir is obtained by multiplying together the mass of the reservoir 
and the concentration at which boron is present in this reservoir. Errors are brought into these 
calculations where accurate data for either, or both, these variables is not available.
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Recommendations to Borax 
on the Implementation of Environmental 
Management Systems
The objective of this internal paper section is to make a proposal for the next steps, if any, that 
Borax should look at as a result of the environmental management systems review. The key 
questions that will be addressed in the recommendations are:
1. Should Borax implement a formal environmental management system
2. If so, what format should it take
• Custom type
• BS 7750 /EMAS type
• ISO 14001 type
3. Should Borax be seeking certification of any management system
4. How should Borax implement any environmental management system
• Environmental management system designed and implemented by the Centre
• Environmental management system format designed by the Centre but 
implemented by sites
• Sites responsible for design and implementation of own system
• Pilot study followed by phased roll out, team drawn from the Centre and the 
operating companies.
5. Who will be actioned to implement the system
Should Borax Implement an Environmental Management System
Summary
Borax has many aspects of sound environmental management in place throughout the Group, 
with a Group level commitment to pursuing the highest standards of environmental 
management and performance possible. The highest standard of environmental management 
possible for Borax is World-Class. The challenge is to build upon the systems in place, which 
are designed to assure compliance to legislation throughout the Group and to promote best 
practice wherever possible, with a view to achieving the highest possible standards of 
environmental control and risk minimisation.
Specifically, Borax must look to strengthen its environmental management practices through 
the effective use of operational control procedures, and through the use of monitoring and 
measurement programmes designed to show progress towards targets and objectives which 
should include a commitment to strive for continuous improvement beyond compliance. In 
this pursuit Borax will find progress will be accelerated by the implementation of 
comprehensive training programmes to raise the awareness of environmental issues, targeted 
to the needs of each sector of its work-force.
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A demonstrable commitment will be needed, including an undertaking to document aspects of 
environmental management fully to provide assurance that necessary systems are in place and 
to provide a means for reviewing the effectiveness of the programmes utilised.
Where is Borax Now?
A recent meeting was held with directors of Environmental Resources Management (ERM) 
UK. ERM conducted the recent compliance and liability audits of the Borax Europe 
companies. At this meeting the representatives of ERM expressed the view that currently 
Borax Group would probably find itself in the middle range of any global league table of 
companies in terms of environmental practices.
There are many aspects of sound environmental management practice which are already in 
place throughout the Borax Group:
• A demanding environmental policy has been formulated, expressing specific 
requirements and intentions which Borax will strive to satisfy, signed off by the Chief 
Executive of the Group.
• Regulatory requirements are understood
• Risk and liability assessments have been carried out and actions identified
• Objectives and targets are set and progress reviewed
• Environmental management programmes are in place
• There is an audit and review system in place
The focus of attention in the Borax Group is very much on compliance :
• There is a high level of compliance throughout the Group
• Most of the monitoring schemes in place are designed with the express purpose of 
providing information required to satisfy regulatory requirements
• Most of the objectives and targets set are designed to strengthen the position regarding 
compliance.
There are, however, gaps in the systems which would need to be addressed to help Borax 
achieve continuous improvement, particularly regarding training and awareness regarding 
environmental issues throughout the work-force, operational controls to minimise the risk of 
pollution, monitoring systems which provide enough information to allow Borax to review 
whether or not it is improving on a regular basis.
Where Does Borax Want To Be?
The Borax Group could set itself a corporate target of achieving a world-class rating among 
all companies regarding environmental performance and management. Realistically, Borax 
will always be constrained by the nature of its business. Borax will always be involved in 
mining and, therefore, there will always be an environmental impact arising from its 
operations. It is not, however, a hazardous chemicals operation and does not have the 
potential to cause permanent catastrophic releases into the environment.
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Borax can strive to minimise its environmental impact. Even if Borax does not achieve its 
goal of a world-class ranking in environmental performance, there is nothing to stop Borax 
achieving that level of performance in environmental management to ensure that any impact 
Borax does have is driven down towards its absolute minimum.
Borax already has a company policy (see Appendix 12 -  Vol.4 APD 12), which, among other 
matters, commits Borax to the following:
• Borax will maintain management programs to ensure proper and consistent 
implementation of the EHS policy and integrate them into our long-term strategy...
• Borax will set objectives to promote improvements in EHS practice and performance 
and implement appropriate systems for measuring progress in meeting these objectives...
• Borax will conduct regular audits to evaluate compliance with EHS laws, the 
effectiveness of EHS management systems, and to verify that this policy is being fully 
implemented.
These are important commitments which are essential to the effective management of 
environmental issues within the Borax Group, and, one could argue, must be implemented 
fully if Borax is to achieve its goal of improving its position in any global ‘league table’ of 
companies and the environment. As the environmental reviews of the operating companies 
have demonstrated, there is a high commitment to improvement of the environmental 
performance across the Group, but there are gaps in the systems which need to be filled 
before the Group will actually bring about this improvement.
Borax has a quality policy which is expressed as follows,
“Borax is committed to supplying our customers with products and service of the highest 
consistency and quality. To achieve this we will:
• Provide the necessary resources
• Create the appropriate environment and training programs for all employees
• Pursue continuous improvement in every area of our business.”
How Will Borax Get To Where it Wants To Be?
If Borax is committed to continuous improvement in all areas of its business then this must 
include the area of environment, health and safety. Specifically, there are a number of targets 
Borax must achieve if it is to satisfy its goals of continuous improvement in environmental, 
health and safety leading to a level of world-class performance:
1. The environmental policy fully integrated into all aspects of environmental management at 
Borax
2. Monitoring programmes fully established to allow Borax to demonstrate continuous 
improvement
3. Operational control systems in place to minimise risks and to promote best practice
4. Legal commitments fully understood and regulatory compliance assured, not just at the 
present time, but also in the future
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5. Training and awareness of environmental issues at the work-place and in the wider 
environment promoted and organised. Training must be targeted at these specific areas, 
rather than using a blanket training approach and hoping that everyone’s needs are 
covered:
• Board level managers
• Environmental managers
• Workers
• Area supervisors
• Maintenance engineers
• Finance directors
• Purchasers
• Designers
• Internal auditors
Will an Environmental Management System Help Borax Achieve Its Goals?
The adoption of an EMS would fulfill the following criteria:
1. The adoption of an EMS will help Borax move forwards towards its goal of a world-class 
ranking of world companies on environmental management and performance
2. The adoption of an EMS will improve Borax’s confidence that it is implementing its EHS 
policy fully
3. The adoption of an EMS will help Borax move towards its quality goal of continuous 
improvement in every area of its business
The answer to the three questions above is ‘yes’. As discussed in the opening section, there 
are six key factors acting upon Borax which will continue to drive its response to 
environmental challenges.
1. Scientific evidence of specific aspects of environmental damage
2. Increasing public awareness of environmental issues
3. Greater satisfaction of basic needs
4. Increasingly stringent pollution control measures
5. The trend to externalise environmental costs through taxes and charges
6. Growing emphasis on environmental matters in education
There is no escaping the fact that Borax will come under ever increasing pressure to improve 
performance. The challenge to Borax is to move from a reactive response driven strategy to a 
proactive stance, where environmental pressures are anticipated and met before legislation 
tightens, rather than responding after the fact. Production patterns continue to change and the 
amount of leisure time and information available to society at large continue to rise. Borax 
operates only because it has a social mandate to do so. Borax must ensure that its concern, 
awareness, and action over environmental issues reflects and anticipates the concerns of 
society at large. Introducing an environmental management system to draw together and 
formalise the targets Borax pursue and the practices and procedures Borax adopt will 
consolidate its strengths and help Borax to focus attention upon those areas which continue to 
challenge the Group.
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Specifically, the implementation of a formal environmental management system would do the 
following:
• An EMS provides the framework to ensure ongoing compliance
• An EMS provides the framework to move beyond compliance through continuous 
improvement
• An EMS will allow Borax to document system and structures effectively
• An EMS will help Borax to focus effort on its significant aspects
• An EMS will give Borax guidance on how to review progress
• An EMS will help Borax prepare for the unexpected
The principles of an environmental management system are based upon four principles:
1. Plan
2. Do
3. Check
4. Act
There are aspects of environmental management at Borax in all these areas which could 
improve through the introduction of a formal system. At the present time, Borax has an 
environmental policy which shows the Borax commitment to improving the environmental 
performance and management of the entire Group. But Borax does not yet have the systems 
and procedures which would make it possible to demonstrate that this policy is being acted 
upon in a measurable fashion.
•  Training
An example would be training. Thus far the emphasis throughout the Borax Group, without 
exception, has been on training the work-force in health and safety issues, but not on 
environmental training. Borax have a clear policy commitment here from the Group Policy: 
“Borax will heighten and maintain awareness of and sensitivity to environmental, health and 
safety issues among employees through an ongoing internal communication and training 
program. Employees will be encouraged to report concerns or incidents of non-compliance 
without fear of jeopardising their employment.”
If employees themselves raise concerns or incidents of non-compliance this must help the 
process of managing environmental issues and assist Borax towards continuous improvement. 
The participation of the whole Borax work-force is essential to this. But in order for this to 
happen Borax must provide the training to raise the level of awareness of environmental 
issues across the Group. An environmental management system would help Borax to achieve 
this policy objective.
Using ISO 14001 as an example, the training requirements are clearly laid out. On completion 
of an environmental training programme an employee should be able to do the following:
Board level managers
• define company policy
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• commit the necessary resources to implement a programme that ensures compliance 
with regulations and continuous improvement in the company's environmental 
performance.
• determine the level of experience, competence and training necessary to ensure the 
capability of the employees
• review the EMS to ensure its continuing suitability, adequacy and effectiveness and 
address whether changes need to be made.
Environmental managers
• identify or know where they can gain access to the relevant legal requirements of the 
business (4.3.2)
• carry out an initial environmental review and identify significant environmental aspects 
that should be addressed as a priority for the company (4.3.1) and (A.3.1)
• benchmark the company's environmental programme (A.l)
• identify best available technology where economically viable, cost effective and judged 
appropriate for the company’s operations (A.3.3)
• identify priorities and help the company to set objectives and targets (4.3.3)
• review emergency preparedness and response procedures (4.4.7)
• judge whether corrective action is appropriate to the magnitude of the problem and the 
environmental impact encountered
Plant Work-Force
• aware of the importance of complying with the environmental policy and the 
requirements of the EMS
• identify the significant impacts, actual or potential, of their activities and the 
environmental benefits of improved personal performance
• identify the potential consequences of departing from specified operating procedures
• identify their roles and responsibilities in emergency preparedness and response
Area supervisors
• identify the environmental impacts of their activities
• familiar with the legal requirements
• identify the relevant procedures and work instructions and the consequences of not 
following them
• identify the records which are required as part of the EMS
Maintenance engineers
• should have the skills to perform these tasks and be able to identify the most 
appropriate calibration methodologies and maintain records (4.5.1)
Finance directors
• identify the financial resources required to implement the EMS and environmental 
programmes
• identify the consequences of not following a particular action
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Purchasers
• ensure that contractors working on the company’s behalf are able to demonstrate that 
their employees have the requisite training (A.4.2)
• communicate relevant procedures and requirements to suppliers and contractors (4.4.6)
Designers and production developers
• understand the environmental significance of product or service modification (4.3.4)
• Although the standard does not require a detailed life cycle assessment or 
environmental evaluation of each product, component or raw material input (A.3.7), the 
environmental management programme may include consideration of planning design 
production, marketing and disposal (A.3.4). If this is considered to be appropriate, the 
design, product development and marketing functions of the business may need specific 
training on the potential impacts, positive and negative, of their activities.
Internal auditors
• determine whether or not the EMS conforms to the planned arrangements, including the 
requirements of ISO 14001
• determine whether the EMS has been properly implemented and maintained
• judge whether the targets, objectives and environmental management programme are 
appropriate to the company's size, complexity and operations
• identify where environmental performance has improved
• understand what is meant by pollution prevention
• judge environmental significance
• maintain audit records
• identify audit procedures and methodologies
• scope an audit
• establish audit frequency and report results
•  Setting Objectives and M onitoring Programmes
The management system will also help Borax in the process of setting objectives and 
monitoring progress towards them. An example of how the management system would work 
in this instance is given in the support notes to ISO 14001.
Objectives could include:
• Reduce waste and the depletion of resources
• Reduce or eliminate the release of pollutants into the environment
• Design products to minimise their environmental impact in production, use and 
disposal
• Control the environmental impact of raw material sourcing
• Minimise any significant adverse environmental impact of new developments
• Promote environmental awareness among employees and the community
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All these objectives appear in some form in the Borax environmental, health and safety 
policy. It is important to note that they are non-specific in themselves. They express 
commitments to work towards goals, but do not actually give a numerical obligation in 
themselves.
This does not mean to say that monitoring systems cannot be used to track progress towards 
these goals. Measurable performance indicators could include:
• Quantity of raw materials or energy used
• Quantity of emissions such as C02
• Waste produced per quantity of finished product
• Efficiency of material and energy use
• Number of environmental incidents / accidents
• % waste recycled
• % recycled material used in packaging
• Number of vehicle kilometres per unit of production
• Specific pollutant quantities, e.g. NO.x, S02, CO, HC, Pb, CFCs
• Investment in environmental protection
• Number of prosecutions
• Land area set aside for wildlife habitat.
In order for these indicators to be used effectively monitoring programmes which provide 
sufficient quantity and quality of data to track progress must be in place. One of the key 
conclusions one can draw from the environmental management system review is that Borax 
does measure and monitor performance, but Borax does not monitor and measure 
performance as effectively as it could. A formal environmental management system would 
help Borax address challenges like integrating its monitoring programme with its policy, 
objectives and targets.
•  Operational Control
Operational control is another area key to effective environmental performance. At present all 
of the Group companies have the challenge to examine their activities with a view to 
identifying those which need operational control procedures, specifying those procedures, 
implementing them and reviewing them. There is still progress to be made in this area 
throughout Borax. A formal management system will help Borax to focus its attention on 
these areas.
There are three main types of activities which must be considered when developing and 
modifying operational controls:
1. Activities to prevent pollution and conserve resources in
• new capital projects,
• process changes and resources management,
• property acquisitions, divestitures and property management
• new products and packaging
2. Daily management activities to
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• assure conformance to internal and external organisational requirements
• ensure the efficiency and effectiveness of those requirements
3. Strategic management activities to
• anticipate changing environmental requirements
• respond to changing environmental requirements
•  Preparing fo r  the Unexpected
One of the key benefits to Borax from implementing a formal, documented management 
system for environmental matters will be in preparing for unexpected events. Emergencies 
which Borax could face are not limited to environmental incidents or industrial accidents. 
Management emergencies could also occur if a key manager with responsibility for 
environmental affairs is lost, either through accident, illness, or a decision to move to another 
company.
There is a crisis succession plan which explains which staff will provide emergency cover for 
which, but there is very little operational assistance available in the way of a documented 
manual which explains the key aspects of the environmental programme, and which provides 
direction to necessary documents and procedures, as well as compliance targets, deadlines and 
actions. Part of any strategy to deal with this has to be planning before the event, and a limited 
number of the Group companies are already taking steps to ensure that there is ongoing 
training to ensure that should one key employee be lost, another is sufficiently aware of the 
requirements of that job to take over in an emergency.
It is certainly vital that this kind of training takes place. However, a more reliable solution 
would be to integrate this with a documented system which could be used as a reference for 
any manager expected to take over environmental responsibilities at short notice. A properly 
constructed environmental management system would require a guidance document of some 
form which would explain the principle features of the EMS and provide direction to related 
documentation, something which would provide valuable peace of mind.
What Format Should the Borax Environmental Management System Take
Self-Desianed Environmental Management System
There are three main options available to Borax regarding the format of any environmental 
management system chosen. The first option is for Borax to design and implement its own 
system, the second is to use the BS 7750 / Eco-Management and Audit Scheme (EMAS) 
format, and the third is to use a format based on ISO 14001.
The advantages of using a system designed for Borax include:
• System will match its needs
• System will be designed for all sites
• System will be ‘owned’ by Borax
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The disadvantages, however, are:
• Resource required to set the system up
• Lack of external recognition.
It is the last feature which is the critical limiting factor for using a bespoke system. Bench­
marking its performance against that of other companies is critical to Borax. Adopting a 
custom designed EMS will bring Borax no nearer that objective than it is already, and it will 
leave Borax open to the criticism that any system it designs itself is weaker than one of the 
recognised system standards.
BS 7750 / EMAS Based Environmental Management System
The second option is to adopt an EMAS based format for the environmental management 
system. To recap the key distinguishing features of EMAS: a environmental effects register 
must be compiled, a specific environmental management system manual, containing all 
relevant documentation is required, all monitoring data must be verified externally, and there 
must be a public environmental statement, including the verified emissions data, which also 
has to be verified externally before publication.
The specific advantages of adopting a system such as EMAS include:
• Credibility of the system - EMAS is recognised as a demanding system.
• Track record - already in use for eighteen months
The disadvantages, from Borax’s point of view, however, include:
• Excessively bureaucratic - manual requires all documentation
• Public statement may not bring business benefits
• No significant business advantage over ISO 14001 without certification
• Regulatory non-conformance could lead to loss of certification - substantial public 
relations damage could result.
• Question marks over competence / motives of EMAS certification bodies, especially in 
Germany.
ISO 14001 Based System
ISO 14001 was launched in September / October 1996. It is an international standard 
designed by the International Organisation for Standardisation, and is rapidly emerging as the 
global standard of choice. The advantages of this system to Borax include:
• Credibility of ISO standards - ISO 9000 is the international quality assurance system of 
choice for most countries and markets.
• ISO 9000 will provide framework for ISO 14001 systems - many common systems
• Recent survey by SGS Yarsley found ISO 14001 was viewed as more cost effective 
than EMAS
• No requirement for public reporting
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• No need for overly bureaucratic manual - just system requirements and direction to 
relevant documents.
• Can achieve the internal benefits without pursuing certification - compliance, improved 
awareness, reduce pollution, better working conditions, without risks associated with 
verification.
• ISO systems have been shown, through ISO 9000, to be effective for Borax
The key disadvantages of implementing an ISO 14001 based system include:
• No track record of its own
• May be seen as a ‘soft option’ compared with EMAS.
Recommendation for Choice of EMS Format
Based upon the factors cited above, the recommendation for choice of system is ISO 14001. 
Borax already has experience of implementing the ISO 9000 quality system and has seen real 
business benefits from so doing. Much of the groundwork for ISO 14001, therefore, has 
already been done, including the commitment towards documentation of operational practices 
and training, for example. There is no benefit to Borax in trying to design a system itself, 
since it will take time and resource, will leave Borax open to the accusation that its system 
isn’t as rigorous as the standard systems are, and will be the most difficult to bench-mark of 
the three options.
EMAS is very much a European driven system, but the evidence thus far would suggest that 
even in Europe, ISO 14001 is emerging as the preferred option. At a recent environmental 
software exhibition in London a statement was made by a sales representative from Aspects 
International, that, “Now that ISO 14001 is out in the market place we’re phasing out our 
BS7750 [the UK forerunner of EMAS] version of software in the UK and focusing on ISO 
14001 based solutions.”
With these factors in mind, then, the system of choice for Borax should be ISO 14001.
Should Borax be Seeking Certification of any Environmental Management 
System
All the material gathered during the process of this management systems review for Borax 
suggests that certification should not be the goal of any environmental management system 
implementation plan for a number of reasons. The first issue concerns external drivers. Borax 
must take account of the following drivers when basing its decision on whether or not to 
pursue certification:
1. Pressure from the Market-place
2. Pressure from Regulators
3. Pressure from Shareholders
4. Pressure from the Public
5. Pressure from Lending and Insurance Institutions
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If any of these interest groups express the view that Borax should be implementing and 
certifying an environmental management system then Borax must look extremely carefully at 
the issue of certification. However, at the present time there is no external pressure from the 
market place to seek certification of any environmental management systems. However, it 
should not be assumed that this will always be the case. Borax must continue to track 
customer expectations and be ready to advance its environmental management programme if 
circumstances change.
There is no doubt that regulators are in favour of wide-spread adoption of certified 
environmental management systems, since the standards establish regulatory compliance as 
the minimum acceptable standard of performance. Achieving compliance through effective 
use of an environmental management system must be a goal for Borax, however, there is little 
in the way of solid evidence that there will be any form of regulatory return from actual 
certification, in the form of regulatory relief. That does not mean to say that regulators will 
not look favourably upon an organisation with an EMS in place if any legislative breach 
occurs, since the presence of an EMS should suggest that the organisation has the systems to 
deal with that breach. However, it is not clear that there will be any extra benefit from having 
certification when it comes to regulatory compliance issues.
The sole shareholder of Borax is RTZ. RTZ has expressed the view that it would like to see 
all the group companies moving towards implementation of an environmental management 
system, and that ISO 14001 is the preferred system. The view has been expressed that “ISO 
14001 seems to be a sensible system and one that we should look at very carefully.” However, 
RTZ has issued no decree insisting that Borax certify any system, nor has it insisted 
categorically that Borax should even implement a system, merely that it thinks ISO 14001 
would be helpful to the business.
The views of the public are likely to make themselves felt through the market place. The 
attitudes of customers will reflect pressures from the public. Insurers and lenders, like 
regulators, are likely to view the implementation of an EMS as evidence of the presence of 
systems designed to prevent significant environmental impacts and breaches of regulations. 
This should act to improve insurer confidence that risks are being managed and minimised. 
Whether or not certification will achieve any additional benefit in the eyes of insurers is not 
clear.
There are also a number of internal factors which would suggest that it may not be in the 
interests of the business to seek certification at this time. The first concerns Borax’s 
organisational preparedness for such a commitment. Borax will achieve many internal gains 
in management of environmental issues through the process of implementing and maintaining 
an environmental management system but it is not clear that the extra effort of pursuing 
certification will be helpful in this regard. Perhaps it would be a preferred option to gain 
experience in the operating of the system, and to complete at least one audit cycle, before 
Borax even consider certification as an issue.
Another possible disadvantage concerns the direction of effort in environmental management. 
The objective for any environmental management system must be to improve performance. If
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certification were to be achieved, would the focus of effort be diverted towards the task of 
keeping that certification through the setting of non-ambitious targets which, though 
achievable in line with the EMS requirement to improve continuously, would not encourage 
Borax to set more demanding targets?
Perhaps the best strategic option is articulated by Ron Michaud, former environmental 
director for DuPont, who has been quoted as saying,
“If I were still a corporate manager, I would utilise the ISO framework to establish my 
management system and then hold off until the market place drove registration.”
This has to be the logical approach for Borax to follow.
How Should Borax Implement Any Environmental Management System
This is a critical decision for the Group, and one which the collective EHS and operations 
management of the Group is best placed to make. However, a number of factors should be 
considered.
There are four main alternative strategies the Group could pursue is if decides to implement 
an EMS:
• Environmental management system designed and implemented by the Centre
• Environmental management system format designed by the Centre but 
implemented by sites
• Sites responsible for design and implementation of own system
• Use one site for pilot to determine best system, with a team drawn from the 
Centre and the operating companies, and then implement phased roll out across 
Group
Each option has different strengths and weaknesses. A system designed and implemented by 
the Centre, for example, would have the advantage of ensuring the format used for the 
environmental management system would be the same throughout the Group. Also, the 
Centre would gain experience and expertise in designing and implementing environmental 
management systems.
The drawbacks of such an approach are that there is no ownership of the project at a site level, 
there is little input into the design and implementation process from those people in the best 
position to know what will work and what will not work at any location. Furthermore, the 
time scale involved in having the Centre carry out each EMS project one after the other (there 
is insufficient resource to allow more than one project at a time using this strategy) would be 
prohibitive.
Having the Centre design the system but have implementation carried out at a site level would 
still have the advantage of ensuring a Group-wide format would be used, but this time the 
operating companies would gain experience and expertise in setting up the environmental 
management systems. If all the sites decide to implement environmental management systems 
in parallel, it would take less time to bring the systems on line, but there would be no
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Teaming curve’ effect for the Group. The same lessons would perhaps have to be learned 
through direct experience time after time, rather than using the experiences of one site to help 
the development of the systems at the next. If the Centre is needed to provide guidance and 
technical support to the process, there would be insufficient resource to provide companies 
with the level of support they deserve if all sites were requiring assistance at the same time.
Having the operating companies responsible for the design as well as the implementation of 
the environmental management systems would have the added drawback of the possibility of 
incompatible or consistent formats being chosen across the Group, in addition to the issues 
identified for the sites being responsible for implementing their own systems.
The recommended strategy is to ‘roll out’ the implementation programmes across the Group 
by focusing effort at a pilot site and then follow a phased implementation across the Group. It 
is likely that most technical guidance and support from the Centre will be needed during the 
initial stages of setting up the management system guidelines. Once the key challenges have 
been overcome and lessons learnt, progress should commence at the next operating company.
This strategy would ensure a Group-wide EMS format is adopted, both the Centre and the 
operating companies gain experience and expertise in environmental management systems, 
this strategy would be least time consuming of all the options, would provide a learning curve 
for the Group, and would ensure fairly consistent implementation across the Group.
Who Will Be Actioned To Implement The System
Borax has a number of options for actually implementing any environmental management 
system. Much will depend on the chosen implementation strategy, but assuming that a phased 
roll-out is opted for, the following resources are recommended.
One of the key issues for the implementation of any EMS concerns compatibility. If the 
systems implemented across the Group are compatible with each other this should facilitate 
rapid transfer of experience and knowledge throughout the Group, enabling Borax to identify 
best practice and communicate this throughout the Group. Further, if its systems are 
compatible with those adopted by other companies then this will help Borax identify best 
practice in other organisations and work to integrate those practices into its systems. It will 
help Borax to benchmark itself against other organisations.
One way to achieve this goal is to use expertise which has experience in implementing 
systems in a wide range of organisations. Discussions are being held with Environmental 
Resources Management, who have experience of implementation of ISO 14001 based 
environmental management systems in sixty organisations, and who are also familiar with the 
needs and practices of Borax. A multi-national organisation such as ERM, or Arthur D Little, 
for example, would provide Borax with the multi-national expertise such a venture would 
require.
Resource should also be made available by the Centre to assist the operating companies in the 
design and initial stages of implementation of the environmental management systems. At
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least one person from the Centre should be assigned to the programme in the role of facilitator 
to communicate the experiences gained from one operating company to the next. A 
representative from one of the operating companies would be recommended to act in a similar 
role.
This would give a team of three facilitators who would then work with the local EHS manager 
at a pilot site to gain as much experience as possible in the best practice regarding EMS 
implementation at Borax. This team of facilitators would then provide the expertise to assist 
the EHS manager at the next operating company initiate their EMS implementation 
programme before moving on to the next sites in sequence.
At this stage it is not known exactly how much time will be required to carry out the full 
implementation of environmental management systems throughout the Borax Group. An 
initial target is to have the systems up and running throughout the Group in approximately 
two years, with a full audit of the system after one year of implementation. ERM have 
undertaken to provide a full proposal for assisting in the design and implementation of an 
EMS for the Group if Borax decide to go ahead with these recommendations.
Closing Remarks
There are four phases in the development of a business regarding its environmental focus:
Problem Solving None Product Liability 
Markets
Compliance Regulations Government
Beyond Compliance Cost Avoidance
Image
Leadership
Competitive Edge
Shareholders
Communities
Unions
Customers
Sustainable Development Explicit Voluntary Goals International Factors 
+ All the above
? ? ?
In the past, Borax was very much oriented towards solving problems. Borax is currently very 
much a compliance driven organisation, driven by government regulations, with a close watch 
still kept on product liability issues. Borax is now in a position to move beyond compliance, 
to strive towards becoming a global leader in environmental, health and safety. The presence 
of an environmental management system will fill a critical gap in Borax’s approach to 
environmental management, and will help Borax fulfil its responsibility to assist Borax in its 
pursuit of continuous improvement in all areas of its business.
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Feedback on the WBCSD Eco-Efficiency 
Summary Report by Rio Tinto pic
Rio Tinto has for many years used performance indicators to help manage and communicate 
progress in its environmental performance. It supports initiatives to broaden the range of 
available indicators to enable the measurement of sustainable development. Rio Tinto 
believes that eco-efficiency metrics have a valuable role to play in this regard, but believes 
that the particular framework proposed by WBCSD does not enable the concept of sustainable 
development to be reliably captured. The range of indicators proposed are also largely 
unsuited to application in a primary mining and metals business such as Rio Tinto.
If business sectors such as mining are to play their full part in helping society make the 
transition to sustainable development then they must remain committed to an open and 
positive dialogue with all those who have an interest in their performance.
Performance indicators will help ensure that industry’s response to questions from interested 
groups is credible and reporting is a vital tool to provide detailed information on performance 
both to employees and to external audiences. Furthermore, public reporting is essential to 
meet social expectations of transparency and openness. If this reporting is to be relevant we 
must use measures of progress that are meaningful to help us continually improve our 
performance.
If we are to achieve this objective we must develop indicators of performance in partnership 
with other interested parties to ensure that they are understood to be reasonable and fair by all 
concerned. This requires dialogue and partnerships with non-govemmental-organisations as 
well as governmental and intergovernmental bodies to make sure that we all learn from each 
other and share best practice with other industrial sectors.
Rio Tinto has been a committed member of the Eco-Efficiency Indicators Working Group in 
the WBCSD and the associated pilot implementation programme. It has sought throughout to 
ensure that its experience of using performance indicators is made available to other industry 
sectors and that the issues associated with applying eco-efficiency indicators to its business 
are openly discussed.
The ultimate test of any tool designed to aid decision-makers, be they internal or external to 
an organisation, is whether they are adopted and implemented.
Rio Tinto does not anticipate adopting or implementing the eco-efficiency framework 
proposed by WBCSD as a basis for communicating progress towards sustainability for a 
number of reasons.
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Faulty Concept
Eco-efficiency is an incomplete and imperfect measure of sustainable development. It does 
not incorporate the social acceptability of economic activity except indirectly through the use 
of global conventions to set the context of environmental effects. Rio Tinto sees the use of 
revenues and capacity from a mining operation as well as the intrinsic benefit of minter 
commodities for the development of human capacity and advancement of social wellbeing as 
fundamental. While eco-efficiency indicators may reflect the interaction between economic 
activity and environmental impact, it is conceivable that in some circumstances decisions that 
improve eco-efficiency may be counter-productive from a sustainable development 
perspective.
Inapplicable Indicators
Leaving conceptual reservations to one side the specific framework proposed also lacks 
relevance to Rio Tinto. Only three of the seven indicators presented as generally applicable to 
all businesses could be useful to the mining sector in general and Rio Tinto in particular; 
those being energy, water and greenhouse gas emissions. The others are not appropriate to a 
business such as mining:
Net sales
Mining is a 'price-taker' rather than a 'price-maker' since most of its products are traded on 
central commodity exchanges. Therefore revenue streams may fluctuate from one year to the 
next without any underlying changes in processes taking place.
Quantity o f goods / services produced or provided to customers
The amount of environmental influence caused by mining operations is driven by the amount 
of material they handle; while the amount of environmental influence caused by smelters is 
driven by the amount of ore they process. The causal relationship in mining is between input 
and the environment, not between output and the environment. Tonnes of material moved 
may be a meaningful number for mining operations but is of no relevance to, say, aluminium 
smelters which take a refined product as feed.
It is also impossible to think of a meaningful and transparent way of aggregating production 
data, since the range of mineral commodities is so large and diverse. Diamond production is 
measured in carats, gold and silver in ounces, whilst output of bulk commodities like iron ore 
and bauxite is measured in tonnes. To put this into perspective, total output from Rio Tinto’s 
Hamersley Iron subsidiary weighed approximately 55,000,000 tonnes in 1999. In the same 
year, the Rio Tinto-Ashton Mining joint venture at Argyle Diamonds (one of the world’s 
largest diamond producers) had an output that weighed approximately 6 tonnes.
Materials consumption
Like other business sectors such as industrial gases, mining operations do not purchase raw 
materials (i.e. ore) in the same way that other business purchase materials. Resource
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stewardship considerations favour the inclusion of lower grade ores, whereas the intention of 
this indicator is to favour lower intensity in the use of materials - less waste which means 
higher grade ore.
Ozone depleting substance emissions to air
The release of ozone depleting substances is not a measure generally applicable to mining 
operations.
The expression of eco-efficiency is the ratio of one of the value indicators to one of the 
environmental influence indicators. For the reasons given above, neither of the proposed 
generally applicable value indicators can be used by a mining company such as Rio Tinto in a 
meaningful way. Thus the generally applicable eco-efficiency ratios are also unable to 
express anything meaningful about the company. Rio Tinto uses and will continue to use 
business specific indicators to report aspects of its eco-efficiency performance, and is willing 
to participate in any initiatives to develop sector-specific indicators that are not affected by 
the flaws mentioned above. Such indicators would enable external audiences to assess 
reported performance across the mining and minerals sector as a whole.
Rio Tinto agrees with WBCSD's particular concerns regarding preparing and reporting 
information. Information such as water consumption has a fundamental local geographical 
context that would be lost if information is hastily and inappropriately aggregated.
Despite reservations with the particular framework proposed by WBCSD, Rio Tinto remains 
committed to the use of performance measures and to public dialogue. To these ends Rio 
Tinto continues to work towards developing appropriate measures of its progress in the 
economic, social and environmental dimensions of sustainable development.
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APD1. Supporting Notes for Environmental Performance 
Indicators Survey
These notes are to be used in conjunction with Appendix 2 (see APD2).
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APD1.1 Overview
As part of the ongoing programme to deliver improvements in environmental performance, 
reporting, and management across Rio Tinto, the Group is committed to reviewing the 
potential for group-wide indicators of environmental performance. These indicators must be 
both measurable and relevant across the diverse range of Rio Tinto businesses.
Ten themes have been identified as having the potential to be applied throughout the Group. 
Fifteen indicators of environmental performance have been established. To take account of 
the diverse scale and nature of Group operations, it is intended that these be normalised on the 
basis of financial, production, and community factors.
The objectives of this survey are two-fold:
1. To establish the validity of the indicators proposed to Group operations
2. To establish the extent of Group capability to measure and report on progress in terms of 
the proposed indicators.
These notes provide explanatory support when completing the survey.
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APD1.2 Key Indicators
The following performance indicators are proposed:
Energy
• Total Primary Energy Required (Pj)
Global Warming Potential
• Absolute Global Warming Potential (MT C02 equivalent)
Atmospheric Acidification
• Total Atmospheric Acidification Potential (tonnes S02 equivalent)
Water Use
• Total Water Usage (cubic metres)
• Total Water Abstracted (cubic metres)
Aquatic Ecotoxicity
• Rio Tinto Group Aquatic Ecotoxicity Potential (tonnes copper equivalent)
Land Use
• Total Area Disturbed (Hectares)
• Area of Permanent Reclamation (Hectares, % of total area disturbed, % of area available 
for reclamation)
• Land Use of Permanent Reclamation (% of permanent reclamation) (native, forestry, 
agricultural, recreational, other)
Biodiversity
• Relative Densities for Secondary Species (as % of all species) in impacted and non­
impacted areas
• Number of species recorded in impacted areas relative to those in mature areas of target 
land conditions
Sedimentation
• Gross weight of suspended solids (tonnes) in aqueous discharges 
Dust
• Total particulate matter released from operations (tonnes)
Resource Use
• Rio Tinto [commodity] extraction as % of Global [commodity] reserves
• Rio Tinto [commodity] extraction as % of Global [commodity] reserve base
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APD1.3 Supporting Note 0: General
Existing Data
Wherever possible, use of existing Group data has been made. These fields are shaded blue in 
the spreadsheet. The data used are as supplied during the annual HSE surveys and are the data 
used in the annual report. Therefore, the data should be accurate for each operation. If the data 
are not accurate, however, please insert the correct data in red to highlight where changes 
have been made.
Data Required
For some categories there are no data currently held at Group level. These categories include 
biological diversity, and the amount of land available for reclamation, among others. These 
fields are coloured white in the spreadsheet. If data is available for your operation, please 
insert it in the appropriate field. If data is not available for your operation, please indicate this 
with the letters NA.
Not all fields will be appropriate to your operation. For example, in the aquatic ecotoxicity 
section, if your facility has no discharges of mercury, for example, indicate this with NR, 
signifying that this field is not relevant to your operation.
Automatic Routines
Section 12 of the survey contains the formulae which convert the raw data supplied into 
expressions of relative performance, e.g. global warming potential per unit production. These 
routines are shaded in light blue in the spreadsheet. They require NO action and no data 
should be entered in Section 12. The calculations should be automatic.
APD1.4 Supporting Note 1: Energy
Indicator Expressions
1. Total Primary Energy Required (Pj)
2. Primary energy from renewable sources
3. Primary energy from nuclear sources
4. Primary energy from fossil fuel sources
5. Total Secondary Energy Required
6. Secondary energy used in mining and transport
7. Secondary energy used in processing
8. Secondary energy used in heating and refining
9. Secondary energy used in other applications
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Indicator Framework
L ossesE x p lo s iv es
Primary
Hydro
LossesPrimary
Fossil
LossesLosses Primary
Nuclear
Processing Heating
Refining
OtherMining & Transport
Electricity & Fossil Fuels
TOTAL SECONDARY ENERGY USED AT OPERATIONS
TOTAL PRIMARY ENERGY USED AT OPERATIONS
Definitions 
Primary Energy
This refers to the total energy system, rather than the delivered energy to a facility. For 
example -  electricity purchased by an operation is a form of secondary energy. The primary 
energy is the energy required to provide that electricity, taking into account thermal efficiency 
factors and system losses in distribution and voltage transformation.
APD1.5 Supporting Note 2: Global Warming Potential
Indicator Expressions
1. Absolute Global Warming Potential (MT C02 equivalent)
2. Total On-Site Global Warming Potential (MT C 02 equivalent)
3. Global warming potential associated with mining and transport (MT C02 equivalent)
4. Global warming potential associated with milling (MT C02 equivalent)
5. Global warming potential associated with smelting (MT C02 equivalent)
6. Global warming potential associated with the refinery (MT C02 equivalent)
7. Global warming potential associated with on-site electricity generation (MT C 02 
equivalent)
8. Global warming potential associated with other site activities (MT C 02 equivalent)
9. Global warming potential associated with the production and supply of electricity (MT 
CO? equivalent) purchased from off-site
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10. Global warming potential associated with the production and supply of fossil fuels (MT 
C02 equivalent) purchased from off-site
Indicator Framework
OtherSmelting Electricity
Generation
Refinery
P ro cessE n erg y
Mining & 
Transport
Milling
Off-site Electricity Generation GWP 
Values
Off-site Processing of Fuels used On-Site 
GWP Values
ABSOLUTE GWP (OFF-SITE + ON-SITE)
TOTAL ON-SITE GWP VALUES
Definitions
Global Warming Potential
The potential contribution of emitted gases to the absorption radiation in the atmosphere. This 
traps heat in the atmosphere and has been implicated in causing global temperature rise. Some 
gases are more effective global warming agents than others. Their effect per kilogram is 
calculated relative to the radiative absorption effect of 1kg of C02
Supporting Note 3: Atmospheric Acidification
Indicator Expressions
1. Absolute Atmospheric Acidification Potential (MT S02 equivalent)
2. Total On-Site Atmospheric Acidification Potential (MT S02 equivalent)
3. Atmospheric acidification potential associated with mining and transport (MT S02 
equivalent)
4. Atmospheric acidification potential associated with milling (MT S02 equivalent)
5. Atmospheric acidification potential associated with smelting (MT S02 equivalent)
6. Atmospheric acidification potential associated with the refinery (MT S02 equivalent)
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7. Atmospheric acidification potential associated with on-site electricity generation (MT 
S02 equivalent)
8. Atmospheric acidification potential associated with the production and supply of 
electricity (MT S02 equivalent) purchased from off-site
Framework
The framework used for atmospheric acidification is similar to that for global warming.
OtherMilling Electricity
Generation
Mining & 
Transport
P ro cessE n erg y
Smelting Refinery
Off-site Electricity Generation AAP Values
ABSOLUTE AAP (OFF-SITE + ON-SITE)
TOTAL ON-SITE AAP VALUES
Definitions
Atmospheric Acidification Potential
Emissions of certain gases to atmosphere cause acidic precipitation onto soil and into water. 
This has a detrimental effect on these ecosystems. Acidification potential is assessed relative 
to the acidification potential of one kilogram of S02.
APD1.6 Supporting Note 4: Water Use
Indicator Expressions
1. Total Water Usage (cubic metres)
2. Total Water Abstracted (cubic metres)
3. Total freshwater abstracted (cubic metres)
4. Total poor quality water abstracted (cubic metres)
5. Total water impounded for abstraction (cubic metres)
6. Total water recycled (cubic metres)
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7. Total Normalised Water Abstraction (cubic metres)
Definitions
Total Water Usage
All water used by the operation
Total Water Abstracted
Total water usage -  total recycled water
Normalised Water Abstraction
Water availability varies around the world, depending on rainfall and evapotranspiration 
factors. At the global level, 35.66% of precipitation is ‘available’ as the balance of 
precipitation -  evaporation on land masses. In some regions, such as the tropics, the ratio of 
available water to precipitation is much higher, in others, such as desert regions, the ratio is 
much lower.
Normalised Water Abstraction is expressed as:
“Normalised water abstraction = water abstraction * reciprocal of (Ratio of local run-off to all 
land run-off)”
APD1.7 Supporting Note 5: Aquatic Ecotoxicity
Indicator Expressions
1. Rio Tinto Group Aquatic Ecotoxicity Potential (tonnes copper equivalent)
Definitions 
Aquatic Ecotoxicity
Some compounds can directly affect the health of organisms in the aquatic environment 
which are known as toxic pollutants. Toxic pollutants will include a range of compounds from 
heavy metals, polychlorinated biphenyls (PCBs) and dioxins to radioactive ions. Their 
toxicity depends on a number of factors, including concentration, chemical forms or species 
of compounds, persistence.
Ecotoxicity Potential (copper equivalent)
The toxic effect realised by the presence of a particular compound can be expressed relative 
to the effect of copper. The use of environmental quality standards (EQSs) indicates the 
acceptable levels of different compounds in a particular aquatic system, and thus the 
reciprocal of the EQS values indicates the relative toxic effects of compounds in that 
particular system. In Europe, for example, Table 1 indicates the aquatic toxicity potential, 
relative to copper of different compounds:
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Table 1 Relative aquatic ecotoxicity values for different substances relative to copper, 
based on European EQS values.
Arsenic 25 0.04 0.2
Cadmium 2.5 0.4 2.0
Chromium 15 0.067 0.33
Copper 5 0.2 1.0
Lead 25 0.04 0.2
Mercury 0.3 3.333 16.67
Nickel 30 0.033 0.17
Zinc 40 0.025 0.125
Cyanide 0.5 2.0 10.0
So cadmium, for example, has a toxicity potential twice as great as that for copper in 
European waters.
Not all operations may have data on environmental quality standards. In the absence of an 
EQS for a specific substance relevant to your operation, please indicate the discharge 
concentration limit specified in your permit. Please make it clear if the data you supply are 
not the actual EQS values.
APD1.8 Supporting Note 6: Land Use
Indicator Expressions
1. Total Area Disturbed (Hectares)
2. Area Available for Reclamation (Hectares)
3. Area of Permanent Reclamation (Hectares, % of total area disturbed, % of area available 
for reclamation)
4. Area of Temporaiy Reclamation (Hectares, % of total area disturbed, % of area available 
for reclamation)
5. Area of Operational Interim Reclamation (Hectares, % of total area disturbed, % of area 
available for reclamation)
6. Land Use of Permanent Reclamation (% of permanent reclamation) (native, forestry, 
agricultural, recreational, other)
Definitions
Total Area Disturbed
All areas which are, or have been, disturbed by the operation. To include:
• The mine (if open-pit)
• Zone from the near-pit edge of the backfill or spoil ridges to the furthest edge of 
reclaimed land;
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• Previously reclaimed lands;
• Lands in interim phases of backfill and grading;
• Facilities such as buildings, support areas and load-outs;
• Transportation routes such as roads, long-term ramps and rail lines;
• Stockpiles for topsoil, overburden, and scoria
Area Available for Reclamation
Table 2: Features included and excluded from area available for reclamation
Zone from the near-pit edge of the backfill or 
spoil ridges to the furthest edge of reclaimed 
land
Facilities such as buildings, support areas 
and load-outs
Previously reclaimed lands Transportation routes such as roads, long­
term ramps and rail lines
Lands in interim phases of backfill and 
grading
Stockpiles for topsoil, overburden, and scoria
Area of Permanent Reclamation
Area where the land has been reclaimed to its final target land-use condition 
Area of Temporary Reclamation
Area where backfill and grading has been followed by topsoil addition in preparation for 
seeding, but the area has not yet achieved its target condition
Area of Operational Interim Reclamation
Area where backfill and grading has taken place, but the area has not yet achieved temporary 
reclamation status
Example
Kennecott Energy -  Cordero/ Caballo Rojo Complex
Table 3 Land disturbance and reclamation -  Cordero/ Caballo Rojo complex
Total Acres Disturbed 7,159 acres
Area Available for Reclamation 3,937 acres
Area of Permanent Reclamation 1,657 acres
Area of Temporary Reclamation 391 acres
Area of Operational Interim Reclamation 1,889 acres
Land-Use of Permanent Reclamation Native (90%), Agricultural (10%)
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APD1.9 Supporting Note 7: Biodiversity
Indicator Expressions
1. Relative Densities for Secondary Species (as % of all species) in impacted and non­
impacted areas
2. Number of species recorded in impacted areas relative to those in mature areas of target 
land conditions
Definitions 
Secondary Species
The very first plants to colonise an area must be able to tolerate difficult conditions, e.g. lack 
of nutrients, too much or little water, salt etc. They are fast growing. Such organisms are 
called ‘pioneer species’ Within a short time other organisms may be able to tolerate the 
environment because of the changes brought about by the pioneers. This may be a second 
stage community. These ‘secondary species’ will produce changes and later a next stage of 
organisms may develop. Each change by its existence creates conditions which are more 
favourable for more complex and demanding communities.
If a succession is unhindered, the final ‘climax’ community should result. In the case of 
plants, for example, the climax vegetation is thought to develop if a naturally well drained 
surface is left completely undisturbed for a long time, with no human activity, climatic change 
or other changes.
Impacted Area
Area of land affected by operations (including rehabilitating land)
Relative Density of Species
The proportion of a species class found in one area (as a proportion of the total number of 
species) compared with another. In this case secondary species are used as a comparison 
between ‘baseline’ areas not impacted by operations to those which are. Ideally, the condition 
of the baseline area should be comparable to the target condition of the impacted area.
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Example
Richards Bay Minerals
Figure 1: Relative Densities for Secondary Species (as % of all species) during summer 
months in rehabilitating and non-mined forests on the coast of KwaZulu- Natal
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Figure 2: Number of species recorded during summer months in rehabilitating and non­
mined forests on the coast of KwaZulu-Natal
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APD1.10 Supporting Note 8: Sedimentation
Indicator Expressions
1. Gross weight of suspended solids (tonnes) in aqueous discharges
Definitions 
Suspended solids
Solids in suspension in a water or wastewater which can be removed by filtration
APD1.11 Supporting Note 9: Dust
Indicator Expressions
1. Total particulate matter released from operations (tonnes)
2. Total particulate matter released from point sources (tonnes)
3. Total particulate matter released from fugitive sources (tonnes)
Definitions 
Particulate Matter
Particulate matter, either of natural or anthropogenic form, is undesirable as it impedes lung 
efficiency in humans and animals. Particulate matter also interferes with plant growth when 
deposited on their leaves, it impedes photosynthesis by shielding sunlight from the plant and 
it interferes with the balance of C02 between the plant and the atmosphere.
Total Particulate Matter
Coarse particulate matter plus fine particulate matter released from operations 
Table 4 Particulate matter size
Coarse Dust, earth, crust matter > 2.5 pm > 10 pm
Fine Aerosols, combustion particles, 
re-condensed organic and metal 
vapours (primary and secondary 
pollutants)
< 2.5 pm < 10 pm
Point Source Releases
Releases from sources which are easily identified -  e.g. stacks.
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Fugitive Source Releases
Releases from non-point sources, e.g. loading / unloading, transferring, transporting, storing 
and processing of materials.
APD1.12 Supporting Note 10: Production
Definitions
Net Material Moved
The sum total of all material handled by the operation. For mining operations this will be the 
total amount of waste rock, overburden etc moved in the course of the year. For processing 
operations, this will be the total amount of raw material entering the operation and for 
distribution operations, this will be the total amount of product handled.
It is important to avoid double counting. For operations such as Borax, for example, the net 
amount of material moved by the Group will be the amount of material moved at the mines at 
Boron, Tincalayu, Sijes and Porvenir. Processing and distribution activities at Coudekerque, 
Wilmington, Campo Quijano, Rotterdam, Nules, and Valencia handle this same material 
again -  so the net total for the Borax Group is not necessarily the sum of throughput for each 
site.
Total Production of Finished Products
The sum total of production exported from the operation. In the case of QIT for example, this 
refers to the total amount of product, rather than the contained Ti02. As with net material 
moved, it is important to avoid double counting when reporting at the level of the business 
rather than the site.
Total Contained Product in Production
The net total of relevant material contained in production. For Borax, this will be the total 
amount of B20 3, for KUCC, this will be copper. Again, double counting must be avoided 
when reporting at the level of the business.
Ore Treated
The total amount of mineral bearing ore treated by the operation. Again, double counting 
must be avoided when reporting at the level of the business.
Material Extracted
The total amount of relevant material removed from the ore-body. For example, for Borax, 
this will be the amount of B20 3 in all material extracted from the ore-bodies. Note: unless 
100% recovery is achieved from the ore-body -  this will not be the same value as the 
contained product value.
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Reserves
The ‘reserves’ of a mineral are the recoverable materials in the reserve base that can be 
economically extracted or produced at the time of determination.
Reserve Base
The reserve base represents the in-place demonstrated (measured plus indicated) resource 
from which reserves are estimated, and including those resources that are currently economic 
(reserves), marginally economic (marginal reserves), and some of those that are currently sub 
economic (sub-economic reserves)
APD1.13 Supporting Note 11: Financial and Community
Definitions
Turnover, Net Earnings, Operating Cash Flow, Wages & Salaries.
These figures are as used in the internal accounts schedules for Rio Tinto and subsequently 
for external reporting in the annual report and other appropriate mechanisms.
Investment in Community Programmes
The amount of resource invested in community programmes. This is perhaps easier to 
measure in terms of financial investment than in terms of man-hours. However, due to the 
wide variation in the purchasing power of 1US$ around the world, it is felt that a more 
meaningful constant for community programmes may be time.
When considering the amount of man-hours invested by the organisation in community 
programmes, only company time should be credited. While many individuals give a 
considerable amount of their own personal time to causes supported by the organisation, this 
should not be claimed as a company investment in the community.
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Engineering Doctorate in Environmental Technology. Sustainable Development and the Global Mining Industry
P.W. Argust, Rio Tinto /  Borax
APD3. Rio Tinto Data for KPI Case Study
Table 1 Principal Rio Tinto Subsidiary Companies at 31st December 1998 (Based 
on Rio Tinto, 1999a, page 126)
Incorporated in Australia
Coal and Allied Industries Limited Coal mining 71.46
Comalco Limited Bauxite mining; alumina production; primary 
aluminium smelting
70.41
Dampier Salt Limited Salt production 64.94
Hamersley Iron Pty Limited Iron ore mining 100
Novacoal Australia Pty Limited Coal mining 100
Queensland Coal Pty Limited Coal mining 100
Incorporated in Brazil
Rio Paracatu Mineracao S.A. Gold mining 51
Mineracao Serra de Fortaleza Limitada Nickel mining 100
Incorporated in Canada
QIT-Fer et Titane Inc Titanium dioxide feedstock; high purity iron 
and steel
100
Incorporated in the United Kingdom
| Anglesey Aluminium Limited Aluminium smelting 51
Incorporated in France
Talc de Luzenac S.A. Talc mining, refining and marketing 99.93
| Incorporated in Indonesia
P.T. Kelian Equatorial Mining Gold mining 90
Incorporated in Namibia
Rossing Uranium Limited Uranium mining 65.58
Incorporated in Papua New Guinea
Bougainville Copper Limited Copper and gold mining 53.58
Incorporated in South Africa
Palabora Mining Company Limited Copper mining, smelting and refining 46.43
Richards Bay Iron and Titanium (Pty) Limited Titanium dioxide feedstock, high purity iron 50
Incorporated in the United States of America
Kennecott Holdings Corporation Copper and gold mining, smelting and refining 100
Kennecott Energy and Coal Company Coal mining 100
US Borax Inc. Borate mining, refining and marketing 100
Incorporated in Zimbabwe
Rio Tinto Zimbabwe Limited Gold mining and metal refining 56.04
Appendix 3 -  Supporting Data for Rio Tinto EPI Case Study
APD3. 1
Engineering Doctorate in Environmental Technology. Sustainable Development and the Global Mining Industry
P.W. Argust, Rio Tinto /  Borax
Table 2 Principal Rio Tinto Joint Venture Interests at 31st December 1998 
(Based on Rio Tinto 1999a, page 127)
Incorporated/Operating in Australia
Blair Athol Coal Coal mining 57.2
Howick Coal mining 60.0
Mount Thornley Coal mining 57.2
Incorporated/ Operating in Chile
Miner Escondida Limitada Copper mining and refining 30
Incorporated/ Operating in Indonesia
Grasberg expansion Copper and gold mining 40
P.T. Kaltim Prima Coal Coal mining 50
| Incorporated/ Operating in the United States of America
Decker Coal mining 50.0
Greens Creek Silver, gold, zinc and lead mining 70.3
Rawhide Gold mining 51.0
Table 3 Principal Rio Tinto Associates at 31st December 1998
| Incorporated/ Operating in Papua New Guinea
Lihir Gold Limited Gold mining 17.15
j Incorporated/ Operating in Portugal
| Sociadade Mineira de Neves Corvo S.A. Copper and tin mining 49
Incorporated/ Operating in South Africa
| Tisand (Pty) Rutile and zircon mining 50
Incorporated/ Operating in the United States of America
Cortez
Freeport-McMoRan Copper & Gold Inc.
Gold mining 
Copper and gold mining
40.0
14.56
Table 4 Principal Rio Tinto Joint Arrangements at 31st December 1998
| Incorporated/ Operating in Australia
Argyle Diamond Mines Diamond mining and processing 59.7
Boyne Smelters Limited Aluminium smelting 38.2
Gladstone Power Station Power generation 29.7
Queensland Alumina Limited Alumina production 21.3
| Incorporated/ Operating in New Zealand
New Zealand Aluminium Smelters Limited Aluminium smelting 55.9
Appendix 3 -  Supporting Data fo r  Rio Tinto EPI Case Study
APD3. 2
Engineering Doctorate in Environmental Technology. Sustainable Development and the Global Mining Industry
P.W. Argust, Rio Tinto /  Borax
Table 5: Relative Sizes of Reserves and Reserve Bases for Commodities
Bauxite 23,000 Mt 28,000 Mt 2,543 Mt
Borate (B2O3) 161 Mt 630 Mt 26.5 Mt 26.5
Coal 1,032 Bt 3.072 Bt 10,080 Bt
Copper 302 Mt 610 Mt 19 Mt 22.7 Mt
Gold 50.9 Kt 70 Kt 1,040 M grams 1,615 M grams
Industrial Diamonds 975 MCarats 1,900 MCarats 83.1 MCarats 431 MCarats
Iron Ore 65 Bt 100Bt 1.31 Bt 3.86 Bt
Lead 68 Mt 120 Mt 0.238 Mt 0.543 Mt
Molybdenum 5.51 Mt 11.8 Mt 0.134 Mt 0.279 Mt
Nickel 47.38 Mt 110 Mt 0.116 Mt 0.141 Mt
Silver 280 Kt 420 Kt 6,434 M grams 12,020 M grams
Talc 825 - 925 Mt 2,000 Mt 83.4 Mt 152.8 Mt
Tin 6.99 Mt 10 Mt 0.013 Mt 0.022 Mt
Titanium (T i02) 308.2 Mt4 605 Mtb 82.3 Mt 162 Mt
Uranium 2.84 Mtb 4.69 Mt' No data 
available
No data available
Zinc 330 Mt 140 Mt 0.739 Mt 1.026 Mt
1 Rio Tinto express their reserves in the first instance as proven and probable totals o f ore and grade of  
ore to give a total value for each mineralised deposit. They then take the each total amount of  
mineralised deposit and multiply this by each average mill recovery rate to produce a value for their 
share o f each recoverable mineral.
2 This value discounts the milling recovery rate to indicate the amount of material in the reserves which 
would be available at 100% recovery - i.e. the potential reserves. Values for additional assets 
(measured, indicated or inferred) which have yet to undergo feasibility study work are then added to 
provide a value for the potential reserve base for Rio Tinto.
3 The figures for bauxite are presented by Rio Tinto as ‘recoverable reserves o f saleable product’, i.e. 
after all mining and processing losses. Therefore the hue (gross) value for reserves could be higher 
than the value (net) which is given in Rio Tinto figures.
4 Global reserves are expressed as 278 Mt of T i02 in ilmenite and 30.2 Mt T i02 in rutile. However, Rio 
Tinto only expresses its reserves as total T i02.
5 The global reserve base is expressed as 440 Mt o f T i02 in ilmenite and 165 Mt T i02 in rutile. 
However, Rio Tinto only expresses its reserves as total T i02.
6 Reasonably assured reserves available at forward costs up to $80/kg uranium.
7 Estimate o f reasonably assured reserves at forward costs o f up to $ 130/kg uranium. This figure should 
be treated with caution as it is calculated with less certainty than the value for reserves.
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Table 6: Aggregated Summary of Extraction Data for Rio Tinto, 1997 (Rio 
Tinto, 1998c and Rio Tinto, 1998d)
Bauxite 9,815,0001 0.043 0.035 3.622 0.386
Borate (B2O3) 581,0001 0.361 0.092 2.192 2.192
Coal 158,084,0001 0.015 5.146
Copper 594,220.61 t 0.197 0.097 3.119 2.617
Gold 57.284 t 0.113 0.082 5.509 3.525
Industrial 23,984,475 2.460 1.262 28.862 5.559
Diamonds carats
Iron Ore 55,287,0001 0.085 0.055 4.220 1.432
Lead 19,3361 0.028 0.016 8.124 3.561
Molybdenum 26152.81 0.475 0.222 19.517 9.374
Nickel Ot 0.000 0.000 0.000 0.000
Silver 343.261 t 0.123 0.082 5.335 2.855
Talc 1,174,000 t 0.142 0.059 1.408 0.768
Tin 3158.6 t 0.045 0.032 24.297 14.556
Titanium (Ti02) 1,435,0001 0.466 0.237 1.744 0.886
Uranium 2349.5 t 0.083 0.050
Zinc 36,982 t 0.011 0.026 5.004 3.604
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Figure 1: Rio Tinto Assets as % of Global Abiotic Assets, 1997
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Figure 2: Direct Global Abiotic Resource Depletion by Rio Tinto Operations, 
1997
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Figure 3: Direct Depletion of Rio Tinto Abiotic Resource Assets by Rio Tinto 
Operations, 1997
Oonmodity
E Extraction as % of Rio Tinto Reserves ^  Extraction as % of Rio Tinto Reserve base
Table 7: Approximate Energy Use, Rio Tinto, 1993 to 1997
-■■iilllgjli
Pj energy Total Operations 150 145 150 160 170 +13.3%
Pj energy Current operations (relative to 
1997)
140 140 150 160 170 +21.4%
Pj energy Closed Operations (relative to 
1997)
10 5 0 0 0 -100%
Table 8: Approximate Breakdown of Rio Tinto Energy Consumption, by 
Activity (Rio Tinto, 1998b, page 16)
% of Group Total 
Energy required by 
activity
8 13 7 68 2 2 100
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Table 9: Approximate Levels of On-Site Greenhouse Gas Emissions, Rio Tinto 
1993 to 1997 (Rio Tinto, 1998b, page 14)
Greenhouse emissions (million 
tonnes CO2 equivalent)
7.3 7.4 7.2 7.3 7.9 +8.2%
Table 10: Approximate Breakdown of Rio Tinto Greenhouse Gases, by Activity 
(Rio Tinto, 1998b, ibid)
% of Group Total Greenhouse 
emissions by activity
15 11 69 3 2 100
Table 11: Sulphur Dioxide Emissions from Rio Tinto Operations, 1993 to 1997 
(Rio Tinto 1998b, page 13)
Product Group 1993 1994 1995 1996 1997 (%)
Copper 82,351 76,800 61,882 51,209 77,324 -6.10%
Rest of Group 24,974 27,627 24,275 25,979 28,089 +12.47%
TOTAL 107,325 104,427 86,157 77,188 105,413 -1.78%
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Table 12: Water Consumption Patterns in Rio Tinto, 1996 to 1997 (Rio Tinto, 
1998b, page 29.)8
Fresh water 1996 
(‘000 cubic 
metres)
26275 14977 9718 21191 95986 2061 3390 173598
Fresh water 1997 
(‘000 cubic 
metres)
26031 22883 12379 17131 89874 2409 3787 174495
Change 1996 to 
1997 (%)
-0.9% +52.8% +27.4% -19.2% -6.4% +16.9% +11.7% +0.5%
Poor quality water 
1996 (‘000 cubic 
metres)
22972 1145 0 1450 809 1770 1616 29762
Poor quality water 
1997 (‘000 cubic 
metres)
31066 59108 412 0 950 1820 260 93616
Change 1996 to 
1997(% )
+35.2% +5062% +00 -100% +17.4% +2.8% -83.9% +214%
Impounded water 
1996 (‘000 cubic 
metres)
21373 3738 643 0 655 2910 82 29400
Impounded water 
1997 (‘000 cubic 
metres)
28084 3982 1159 0 10208 4565 157 48155
Change 1996 to 
1997(% )
+31.4% +6.5% +80.2% +0% +1458% +56.9% +91.5% +63.8%
Recycled water 
1996 (‘000 cubic 
metres)
95193 29245 422 13743 318017 1470 6236 464326
Recycled water 
1997 (‘000 cubic 
metres)
105956 58956 2559 18869 294518 2689 8731 492278
Change 1996 to 
1997(% )
+11.3% +102% +506% +37.3% -7.4% +82.9% +40.0% +6.0%
Total water 1996 
(‘000 cubic 
metres)
165813 49105 10783 36384 415466 8211 11323 697086
Total water 1997 
(‘000 cubic 
metres)
191137 144929 16508 36000 395550 11483 12936 808543
Change 1996 to 
1997 (%)
+15.3% +195% +53.1% -1.1% -4.8% +39.8% +14.2% +16.0%
8 The data are reported as accurate to the nearest cubic metre. Rio Tinto reporting protocols and 
measurement techniques are audited by Arthur D Little on an annual basis. However, for the purposes 
o f this research, the values will be treated as indicative, rather than absolute.
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Table 13: Land Areas Disturbed by Rio Tinto Operations, 1997 (to nearest 500 
ha) (based on Rio Tinto, 1998b, page 31)
Open pit mines 27,500 1,500 1,000 28,000 +2%
Strip mines 15,000 1,500 500 16,000 +7%
Underground
mines
500 0 0 500 ±0%
Non-mines (i.e. 
smelters, 
distribution 
facilities)
500 0 0 500 ±0%
TOTAL 43,500 3,000 1,500 45,000 +3%
Table 14: Land Rehabilitation (to nearest 50 hectares) by land use type, Rio 
Tinto 1996 (based on Rio Tinto, 1997a, page 16)
Land area in 
hectares
1,600 50 100 <25 <25 1,750
Land area as 
% of total 
rehabilitation
91% 3% 6% <1% <1% 100%
Table 15: Cyanide Releases Reported to Group, 1993 to 1996
Product Group 1993 1994 1995 1996 (%)
Copper 40 272 715 397 +893
Gold 1,958 2,143 1,053 1,102 -44
Iron Ore - - - - -
Aluminium 386 11,363 3,889 1,309 +239
Industrial
Minerals
“ • “
Coal - - - - -
Othersa 0 0 11 0 ±0
TOTAL 2,384 13,778 5,657 2,819 +18
9 ‘Others’ refers to the Group’s zinc, nickel, lead, uranium and silver interests.
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Table 16: Cadmium Releases Reported to Group, 1993 to 1996
Product Group 1993 1994 1995 1996 (%)
Copper 36 13 27 14 -61
Gold 60 75 24 46 -23
Iron Ore - - - - -
Aluminium - - - - -
Industrial
Minerals
“ - “ ”
Coal - - - - -
Others - - - 1 +00
TOTAL 96 88 51 60 -38
Table 17: Arsenic Releases Reported to Group, 1993 to 1996
Product Group 1993 1994 1995 1996 (%)
Copper 64 181 117 56 -13
Gold 340 745 655 887 +161
Iron Ore - - - - - -
Aluminium - - - - -
Industrial
Minerals
- 7.44 9.02 8.84 +19
Coal - - - - -
Others 0 0 2 0 ±0
TOTAL 404 933.44 781.02 953.64 +136
Table 18: Mercury Releases Reported to Group, 1993 to 1996
Product Group 1993 1994 1995 1996 (%)
Copper 1 1 1 1 ±0
Gold 8 7 8 8 ±0
Iron Ore - - - - -
Aluminium - - - - -
Industrial
Minerals
- - “ “
Coal - - - - -
Others r-' - - - -
TOTAL 9 8 9 9 ±0
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Table 19: Copper Releases Reported to Group, 1993 to 1996
Product Group 1993 1994 1995 1996 (%)
Copper 577 921 575 1,589 +175
Gold 909 1,394 722 1,317 +45
Iron Ore - - - - -
Aluminium - - - - -
Industrial
Minerals
- 3 13 +00
Coal - - - 17 +00
Others - - - 21 +00
TOTAL 1,486 2,315 1,300 2,957 +99
Table 20: Zinc Releases Reported to Group, 1993 to 1996
Product Group 1993 1994 1995 1996 (%)
Copper 688 1,392 365 868 +26
Gold 11,923 36,823 29,132 45,501 +282
Iron Ore - - - - -
Aluminium - - - - -
Industrial
Minerals
32 62 194 487 +1422
Coal - - - 242 +00
Others - - - 209 +00
TOTAL 12,644 38,278 29,961 47,307 +274
Table 21: Lead Releases Reported to Group, 1993 to 1996
m i
Product Group 1993 1994 1995 1996 (%)
Copper 216 775 75 591 +174
Gold - - 41 - -
Iron Ore - - - - -
Aluminium - - - - -
Industrial
Minerals
■ 1 1 3 +300
Coal - - - 62 +00
Others - - - 43 +00
TOTAL 216 775 117 699 +224
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Table 22: Suspended Solids in Aqueous Discharges, 1993 to 1996 (Rio Tinto, 
1997a, page 25)
Product Group 1993 1994 1995 1996
Copper 77 224 157 223
Gold 5563 1763 1612 4712
Iron Ore 147 147 147 147
Aluminium 1548 1533 1545 1592
Industrial Minerals 74980 25923 2359 2491
Coal 804 829 805 1006
Others 0 0 0 4
TOTAL 83119 30418 6626 10173
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APD4. Borax Data for KPI Case Study
Figure 1 Borax earnings versus Rio Tinto earnings, 1993 to 1998
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Figure 2: Borax percentage contribution to Rio Tinto earnings, 1993 to 1998
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Figure 3: Borax extraction of B2O3 from mineralisation relative to reserves, 1995 
to 1998
■ Borax extraction as % of 
Global Reserve Base
□ Borax extraction as % of 
Global Reserves
Q Borax Extraction as % of Rio 
Tinto Reserves
1998
Table 1: Primary energy requirements, by source, for Borax, 1995 to 19981,2
Year Primary Energy Total Fossil Hydro Nuclear
1998 Total 4,543,285 4,418,120 38,192 86,973
1997 Total 4,089,461 3,948,924 46,476 94,060
1996 Total 6,028,275 5,876,221 49,767 102,287
1995 Total 5,765,428 5,611,785 45,878 107,765
Table 2: Purchased energy requirements for Borax, 1995 to 1998
Year Purchased
Energy
Total
Purchased
Explosives
Net
Purchased
Electricity
Purchased
Fossil
Fuels
Fossil fuels 
used directly 
as secondary 
energy.
Electricity 
and fuels 
used to 
generate 
electricity.
Total 
(Fossil & 
Electricity)
Explosives
1998 Total 5,257,601 5,500 -613,134 5,865,235 1,671,132 3,580,969 5,252,101 5,500
1997 Total 4,916,892 4,985 -634,882 5,546,789 1,334,609 3,577,298 4,911,907 4,985
1996 Total 6,543,391 4,767 -619,625 7,158,249 1,900,455 4,638,170 6,538,624 4,767
1995 Total 6,631,546 5,310 -762,962 7,389,199 1,684,017 4,942,219 6,626,236 5,310
1 The following assumptions are made in the calculations for Table 1, Table 2 and Table 3:
a. 1.5GJ of primary energy is used to produce 1 tonne of explosives.
b. Purchased explosives contain 3.4 GJ of energy per tonne of explosive
c. Primary energy calculations have been derived based upon the full fuel cycle emission factors used 
to calculate GWP values. Primary energy calculations are based on: 12% for all liquid fuels except 
for gasoline which is 5%, 15% for all natural gas except for LPG which is 10%, 5% for coal and 
10% for nuclear power.
2 The figures calculated indicate a level of accuracy (1 GJ). Given the assumptions listed above, 
however, such a level of accuracy is unlikely. The figures in Table 1, Table 2 and Table 3 should be 
treated as indicative.
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Table 3: Secondary energy use, by activity, for Borax, 1995 to 1998
Year Secondary Energy Total Mining Milling Smelting Refining Other
1998 Total 2,182,033 493,727 6,527 0 1,650,748 31,031
1997 Total 1,855,799 309,988 7,006 0 1,504,242 34,562
1996 Total 2,421,472 596,524 0 0 1,795,658 29,290
1995 Total 2,234,364 524,572 0 0 1,697,511 12,281
Table 4: Emissions of Greenhouse Gases relating to Borax operating activities, 
1995 to 19983
Emissions At the Coal Face On site 
Emissions 
Behind 
the Coal 
Face
Total of all 
on site 
emissions
A different breakdown 
of On-site Emissions
Off site 
em issions
Total On 
site and 
off site 
em issions
Mining Milling Smelting Refinery Other Electricity On-site
GHG
Emissions
Energy 
Related 
including 
reduc- 
tants and 
anodes
Process 
Related 
(excluding 
reductants 
and anodes)
Net Off- 
site 
Electr­
icity 
Gener­
ation
Off-site 
P rocess  
-ing of 
Fuels 
used  
on-site
Absolute
GHG
Emissions
Year
1998
Total 31 0 0 89 47 264 431 372 60 -154 56 333
1997
Total 21 0 0 81 72 265 438 350 87 -157 53 333
1996
Total 41 0 0 82 1 330 455 455 0 -196 68 326
1995
Total 35 0 0 73 1 358 469 469 0 -224 70 315
3 Full fuel cycle emission factors have been guesstimated but based upon some published literature 
(mainly for the Australian environment. Full fuel cycle emissions are 12% (gasoline 5%) for liquid 
fuels, 15% (LPG 10%) for natural gas and 5% for coal). These figures are at best indicative.
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Table 5: Emissions of NOx resulting from Borax operating activities, 1995 to 
19984
Combined 
total of 
everything 
to the left
Final activity em issions On site 
electricity 
generation
Total of all 
on site 
emissions
A different breakdown of 
On-site Emissions
Off site em issions Total On 
site and 
off site 
em issions
Mobile
Equipment
Blasting Refining/
Smelting
Electricity On-site NOx 
Emissions
Energy 
Related 
including 
reductants 
and anodes
Process 
Related 
(excluding 
reductants 
and anodes)
Net Off-site 
Electricity 
Generation
Other off 
site 
em issions
Total On 
site and 
off site 
em issions
Year
1998
Total 732 120 218 1,918 2,988 951 120 -852 255 2,391
1997
Total 486 108 234 1,927 2,756 720 108 -968 210 1,997
1996
Total 963 104 283 2,406 3,755 1,245 104 -1,067 263 2,951
1995
Total 834 115 243 2,616 3,809 1,077 115 -1,494 256 2,571
Table 6: Emissions of SOx resulting from Borax operating activities, 1995 to 1998
5
Combined 
total of 
everything 
to the left
Final activity em issions On site 
electricity 
generation
Total of all 
on site 
emissions
A different breakdown of 
On-site Emissions
Off site em issions Total On 
site and 
off site 
em issions
Mobile
Equipment
Blasting Refinery Electricity On-site SOx  
Emissions
Energy 
Related 
including 
reductants 
and anodes
Process  
Related 
(excluding 
reductants 
and anodes)
Net Off-site 
Electricity 
Generation
Other off- 
site 
em issions
Total On 
site and 
off site 
em issions
Year
1998
Total 304 5 1 4 314 305 5 4,871 4,089 9,274
1997
Total 203 5 1 4 212 204 5 3,662 3,817 7,691
1996
Total 398 4 1 5 408 399 4 6,341 5,004 11,754
1995
Total 347 5 1 626 978 348 5 2,132 4,758 7,869
4 Assumed that all NOx emissions are as N 0 2; To convert NOx kilomoles of H+ equivalent to tonnes o f  
NOx multiply by 0.46; Net off-site electricity generation includes electricity credits; Assumed the 
release o f NOx emissions from the processing Natural gas is negligible; Assume that upstream NOx 
emissions from ANFO production result from the manufacture of ammonium nitrate and are the 
conversion o f ammonia emissions to N 0 2.
5 Assumed all SOx emissions are as S 0 2; To convert SOx kilomoles o f H+ equivalent to tonnes o f SOx 
multiply by 0.32; Net off-site electricity generation includes electricity credits; Assumed SOx emissions 
from the upstream processing of petroleum products is zero as sulphur emissions are captured during 
the processing of crude oil; Assumed that the release o f SOx emissions from the manufacture o f  
ammonium nitrate is negligible.
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Table 7: Borax group water use, 1995 to 1998
Freshwater 3,426,000 3,333,000 3,140,000 2,989,000
Poor quality water 950,000 708,000
Impounded water 954,000 960,000 151,000 150,000
Total water 4,380,000 4,293,000 4,241,000 3,847,000
abstraction
Figure 4: Borax land use, expansion, and rehabilitation, 1995 to 1998
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Figure 5: Borax emissions of suspended solids, 1995 to 1998
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APD4. The Berlin Guidelines 
APD4.1 Overview
World-wide long-term economic development can best be achieved through the pursuit of 
sustainable development polices comprising a balance of economic, socio-cultural and 
environmental protection measures. While taking into account global environmental 
concerns, each country should apply this concept to meet the needs of their environment and 
economic circumstances.
Sustainable mining activities require good environmental stewardship in all activities, from 
exploration and processing to decommissioning and reclamation. It acknowledges the 
importance of integrating environmental and economic considerations into the decision 
making process and fact that the mineral deposits are unique in their occurrence. It recognises 
the importance of mining to the social, economic and material needs of society, in particular 
for developing countries, and that materials, notably metals, offer great potential for the use 
of future generations through increased recycling programmes.
Sustainable mining under appropriate environmental guidelines is based on interaction 
between industry, governments, non-governmental organisations and the public, directed 
towards optimising economic development while minimising environmental degradation. The 
need for such guidelines is recognised by industry, governments and international agencies. It 
is also recognised that the political will of governments, together with the commitment of 
industry management and of the community, are the essential conditions needed to enforce 
environmental legislation and more importantly, to ensure compliance with all applicable 
laws for the protection of the environment, employees and the public.
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APD4.2 Addressed to the Mineral Sector:
Governments, mining companies and the minerals industries should as a minimum:
1. Recognise environmental management as a high priority, notably during the licensing 
process and through the development and implementation of environmental management 
systems. These should include early and comprehensive environmental impact 
assessments, pollution control and other preventative and mitigative measures, monitoring 
and auditing activities and emergency response procedures.
2. Establish environmental accountability in industry and government at the highest 
management and policy-making levels.
3. Encourage employees at all levels to recognise their responsibility for environmental 
management and ensure that adequate resources, staff and requisite training is available to 
implement environmental plans.
4. Ensure the participation and dialogue with the affected community and other directly 
interested parties on the environmental aspects of all phases of mining activities.
5. Adopt best practices to minimise environmental degradation, notably in the absence of 
specific environmental regulations.
6. Adopt environmentally sound technologies in all phases of mining activities and increase 
the emphasis on the transfer of appropriate technologies which mitigate environmental 
impacts, including those from small-scale mining operations.
7. Seek to provide additional funds and innovative financial arrangements to improve 
environmental performance of existing mining operations.
8. Adopt risk analysis and risk management in the development of regulation and in the 
design, operation and decommissioning of mining activities, including the handling and 
disposal of hazardous mining and other wastes.
9. Reinforce the infrastructure, information systems service, training and skills 
environmental management in relation to mining activities.
10.Avoid the use of such environmental regulations that act as unnecessary barriers to trade 
and investment.
11 .Recognise the linkages between ecology, socio-cultural conditions and human health and 
safety, both within the workplace and the natural environment.
12.Evaluate and adopt, wherever appropriate, economic and administrative instruments such 
as tax incentive policies to encourage the reduction of pollutant emissions and the 
introduction of innovative technology.
13.Explore the feasibility of reciprocal agreements to reduce trans.-boundary pollution.
14.Encourage long-term mining investment by having clear environmental standards with 
stable and predictable environmental criteria and procedures.
APD4.3 Addressed to Development Assistance Agencies:
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Multi-lateral and bi-lateral assistance agencies have an essential role to play in furthering
environmental management, particularly in developing nations, and in assisting these nations
in programmes to protect their environment, both nationally and as part of the global
environmental management system. Accordingly, they should:
1. Accord high priority to the mitigation of environmental degradation associated with 
mining in developing countries to achieve high environmental performance.
2. Initiate, as an integral part of any exploration and mining project, environmental 
institutional building programmes. Special support should be given to countries actively 
working to improve their environmental capabilities.
3. Require that all mining projects supported shall contain a training component that will 
include specific training on environmental awareness and its application to the mining 
sector.
4. Support increased research regarding the development of new processes, with fewer 
environmental impacts, including recycling.
5. Support the development of activities that would mitigate adverse affects on the socio­
cultural fabric and the ecosystem. To achieve this objective, international agencies should 
give priority to education and training which increase awareness of these issues and allows 
the affected communities to participate in decision making.
6. In supporting mining projects, agencies should also take into account the following:
rehabilitation of displaced population; environmental history of the country; large 
scale impact on socio-cultural patterns; the overall economic balance of the project vis-a- 
vis its total environmental impact, the impact on other natural resources and fragile, 
ecologically sensitive areas, e.g. protected forest lands, mangroves, wildlife parks and 
neighbouring water bodies.
7. Promote conferences and policy research on environmental management practices and 
technologies, and ensure the dissemination of this information.
8. Support and promote regional co-operative programmes to achieve sustainable 
development of mineral resources.
9. Adopt environmentally safe methods of mining and processing for existing projects.
10.Increase and co-ordinate their assistance to developing nations in the field of 
environmental policies management.
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APD6. Borax Argentina EMS Review
APD6.1 Background to Operations -  Borax Argentina S.A.
Borax Argentina employs approximately 300 staff at three operating sites in Northern 
Argentina: Campo Quijano, Sijes and Tincalayu, and an administrative head office in Buenos 
Aires. Borax Argentina also operates an operation at Porvenir in Northern Argentina which is 
staffed entirely by subcontractors. The director general of Borax Argentina is Ing. Jorge 
Rodriguez Lascano.
APD6.1.1 Campo Quijano.
Campo Quijano is the head office of the Borax North Argentinean operations as well as 
carrying out processing operations of its own. All the operations at Tincalayu, Sijes and 
Porvenir are managed through the Campo Quijano office. The regional general manager of 
Borax North Argentinean operations is Ing. Ramiro Cornejo Torino.
The following schematic gives an outline of the product flows arising in the Borax North 
Argentinean operations:
Figure 1: Schematic Summary of Process Flows Through Campo Quijano Processing
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APD6.1.2 Tincalayu
The Tincalayu operations consist of borate mining and concentrate processing. The mining 
operations consist of overburden removal and tincalconite extraction. The first operation after 
delineation of the mineral body is blasting and overburden removal. On reaching the 
mineralised body, mineral blasting is undertaken. All extracted mineral is sent to the Primary 
Milling section by trucks for primary crushing. Various concentrations of minerals are then 
transported to the mineral deposits where the blend is made. The overburden is disposed of at 
planned sites in heaps with natural angles.
The next step involves the concentration of the tincalconite from an average of 18% B203 
content up to 28%. The Tincalayu site has a concentrate plant that consists of secondary 
crushing, desludging, classification, concentration, dewatering, tailings disposal and 
sedimentation of the hydrocyclone overflow. The final product is loaded in trucks and 
transported to the railway terminal at Salar de Pocitos. The concentrated tincalconite is then 
transported by railway to Campo Quijano.
APD6.1.3 Sijes
Operations at Sijes consist of mining and beneficiation. As at Tincalayu, when the mineral 
deposit has been located the area is blasted and overburden removed. On reaching the 
mineralised body, mineral blasting is undertaken and the mineral, at various concentrations, is 
put in a mineral yard prior to manual selection of the hydroboracite minerals. This operation 
consists of separating the hydroboracite from the ash, clay and carbonates to increase the 
borate concentration in the bulk material. The hydroboracite is then transported to the refinery 
in Sijes.
Once at the refinery the hydroboracite mineral is reduced first in the primary crusher and then 
conveyed and stockpiled in a mineral yard before being transported to an expedition yard or 
loaded to a secondary crusher. At the secondary crusher the hydroboracite is first loaded by a 
front end loader into two hoppers and then conveyed to the hammer mills. Once milled the 
mineral passes through a vibrating screen which segregates material back to the secondary 
crusher and hammer mills until the mineral reaches the desired granulometry. Once this has 
been done the mineral is fed to a tertiary crusher and to a cyclone which separates the finest 
powder and sends it for bagging in 40kg and 750kg bags and then to Salar de Pocitos and 
then to Campo Quijano.
APD6.1.4 Porvenir
Operations at Porvenir consist of mining and beneficiation. The mining consists of 
overburden removal to reach the mineralised area, which is found either in balls or in plates, 
followed by mineral extraction. The ulexite extraction is performed manually and is very
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selective in order to increase the borate concentration of the final product. After extraction the 
ulexite balls and plates are transported to a mineral yard for drying and then to the feed-stock 
yard.
The dry ulexite is transferred to two silos by a front end loader. The silos feed two rotary 
screens where undersized material is removed and the remaining product transferred to two 
trommels and thence to two parallel lines of grinders and vibrating screens. All final products 
are stored in a covered and concrete paved warehouse prior to dispatch in covered trucks.
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APD6.2 Environmental Management System Review 
APD6.2.1 Environmental Policy
Borax Argentina has its own Environment, Health and Safety Policy, a two page document in 
Spanish, authorised on 12th December 1995 by the General Manager of Borax Argentina at 
that time, Jorge A. Fillol Casas. This policy is a Spanish version of the Borax Group EHS 
Policy included in Appendix A.
This policy is to be found framed in the main reception foyer at the Campo Quijano offices 
and is also positioned in various locations around the factory buildings. During July 1996 
staff training was carried out for all staff in the Northern Region. Included in the training 
package were an introduction to ISO 9000, the Borax Quality Policy, and the Borax 
Argentina EHS Policy. All staff have training records which they have signed indicating that 
they have attended this training and that they have received copies of the EHS and Quality 
policies.
All new employees receive a medical check-up, a quality policy, an EHS policy, general rules 
on industrial hygiene, and site specific safety rules. Again, new staff sign their training 
records to indicate receipt of this information. After induction, new staff go to their operating 
area, where their supervisor gives them a booklet with safety advice. All training records are 
maintained by Pablo Vago, who is responsible for both EHS matters and staff training.
One of the key requirements of environmental management system standards such as ISO 
14001 is that the environmental policy,
“Provides the framework for setting and reviewing environmental objectives and targets.”
A recent EHS audit of Borax Argentina operations, carried out by external consultants ERM, 
concluded that,
“Borax [Argentina] has not yet developed objectives and goals relating to the EHS Policy, 
although it is intended to do so shortly. There are some action plans for EHS, but these are 
isolated and not integrated with the quality programme (ISO 9002) that is being 
implemented.”
It is understood that actions are underway to address these issues.
APD6.2.2 Planning
APD6.2.2.1 Environmental Aspects
There are two mechanisms whereby Borax Argentina identifies its environmental aspects. 
The first is through the use of environmental, health and safety audits. Environmental 
Resources Management (ERM) carried out a full audit of all Borax Argentina operating sites 
in 1995, the results of which are currently in draft form, which appraised EHS matters and 
provided conclusions and recommendations for action.
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The second mechanism is through the management meetings held at the sites where managers 
and supervisors meet to discuss strategic and operational issues, including environment, 
health and safety. Decisions made at these meetings are recorded and documented. The EHS 
manager, Pablo Vago, discussed the increasing awareness in Argentina over the last few 
years concerning environmental impacts and environmental management and that this has 
helped management and work-force become increasingly aware of the significant aspects of 
their operations.
APD6.2.2.2 Legal and Other Requirements.
At the present time Borax Argentina’s mining and processing operations fall under the legal 
jurisdiction of the Province of Salta. Federal laws regarding the environment are passed 
centrally in Buenos Aires but the implementation of these regulations remains at the 
discretion of the individual provinces. It is understood that at the present time environmental 
legislation in Salta province is limited in scope, and, as in the case of effluent discharges, 
often provides recommendations rather than regulations.
The regional general manager, Ing. Ramiro Cornejo Torino is the vice-president of the Salta 
Mining Chamber and is vice-president of the Industrial Union of Salta. The manager for EHS, 
Pablo Vago, is the Borax Argentina representative on the Salta Export Chamber, and the 
president of Borax Argentina, Jorge Fillol Casas, is president of the Chamber of Argentine 
Mining Companies. These channels provide a mechanism whereby Borax Argentina should 
be fully aware of any forthcoming legislation. Currently Salta is preparing an Environmental 
Protection Law for mining which Borax Argentina is helping review.
APD6.2.2.3 Objectives and Targets
Borax Argentina has a business plan, copies of which go to all managers. Included in this 
plan is an annual submission by Pablo Vago which passes to the regional manager and then to 
the general manager before being entered in the business plan. This plan currently specifies 
environmental objectives and targets for the period 1996 to 1998, including time-ffames and 
responsibilities for implementation. Weekly meetings are held at Campo Quijano with 
representatives from each of the operating sites where progress towards these targets is 
reviewed and action plans are developed.
APD6.2.2.4 Environmental Management Programmes
Responsibility for achieving objectives and targets is defined at each level and function in 
Borax Argentina. On the 16th April 1996 the regional general manager issued a memorandum 
to all operating areas informing them that responsibility for EHS policy and programme
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implementation falls upon each area. However, Pablo Vago would be directly responsible for 
EHS programme and policy, specifically;
Future programme implementation 
Internal / external audits 
Accident investigation
Providing EHS assistance and information to all areas
Relations with Borax Europe and with governmental and non-governmental
organisations in all matters related to environment, health and safety.
An example of how an environmental impact reduction project was managed was discussed. 
Emissions from stacks in the Boroglas area at Campo Quijano were identified as being 
significant and a project established to install filters to reduce atmospheric losses from the 
Boroglas process. The EHS manager, Pablo Vago, was assigned responsibility for evaluation 
and initial feasibility studies. Once these studies were complete a decision on whether the 
project should progress was made by the regional general manager and the general manager. 
Roles and responsibilities for the actual implementation of the filter system were then 
determined by the EHS manager and the factory superintendent. The weekly management 
reviews were used as the mechanism to report and record progress, discussions and decisions.
APD6.2.3 Implementation and Operation 
APD6.2.3.1 Structure and Responsibility
There is designation of responsibility for achieving objectives and targets at each function 
level. As discussed in Section APD6.2.2.4, Pablo Vago has been assigned as the specific 
management representative responsible for environment, health and safety. Should a formal 
environmental management system by adopted it is, therefore, likely that Pablo Vago will 
assume responsibility for:
1. Ensuring that the environmental management system requirements are established, 
implemented and maintained for Borax Argentina and
2. Reporting on the performance of the environmental management system to top 
management for review and as a basis for improvement of the environmental management 
system for Borax Argentina.
APD6.2.3.2 Training, Awareness and Competence
Borax Argentina is currently pursuing ISO 9002 registration. Accordingly, there is a 
documented quality system covering training. ISO 9002 procedure PH. 18.01, effective 14th 
August 1996, covers ‘Staff Training’, including:
Objectives
Scope (who the training covers)
Responsibilities
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The EHS and training manager, Pablo Vago, is responsible for an annual training programme 
based upon requirements communicated to him by supervisors and requirements 
recommended by management, and discussed and recorded at weekly management meetings. 
All training related procedures are documented for ISO 9002 by the EHS manager, who 
produces a monthly report for the regional general manager detailing all training, including 
when the training happened, what the content of the training was, the name(s) of the 
organiser(s) or organising company, and who took part. An annual log known as the 
‘Capitacion File’ is updated by Pablo Vago each month and is kept, together with an ‘EHS 
Training File’, by Pablo Vago at Campo Quijano.
Most EHS training to date has been health and safety related, focusing on the prevention of 
industrial accidents. However, part of the 1996 to 1998 business plan requires Pablo Vago to 
develop an environmental training programme. In July 1996 all employees were shown an 
environmental awareness video as the first stage in this training. Also, plant supervisors carry 
out a safety walk each week during which plant operators are asked how environment, health 
or safety could be improved, and where they feel they need training.
APD6.2.3.3 Communication
Internal communication systems within Borax Argentina appear to be well developed. As 
outlined in Section APD6.2.3.2, supervisors and operators discuss aspects of EHS related to 
individuals on a weekly basis. Supervisors meet with Pablo Vago on a monthly basis at 
monthly safety meetings at each site, attended by the EHS manager, supervisors and foremen. 
The minutes of these meetings are recorded in the ‘Safety, Environment and Health 
Subcommittee’ file maintained by the EHS manager at Campo Quijano. Communication 
between the EHS manager and the regional manager, ISO 9000 co-ordinator and 
superintendents from all sites and areas takes place on a weekly basis at staff meetings held at 
Campo Quijano. The minutes of these meetings are maintained and filed at Campo Quijano.
External communication roles are defined in the Borax Argentina emergency plan, which 
outlines who will respond to external enquiries, where they are to be found (home and work) 
and how they can be contacted. In the Northern Argentinean region, all external 
communication is to be handled by the regional general manager, Ramiro Cornejo Torino in 
the first instance, with the EHS and training manager as first deputy. Although this procedure 
is defined in the emergency plan it applies to all external communication matters.
APD6.2.3.4 Environmental Management System Documentation
At present there is no formal environmental management system in operation in Borax 
Argentina. As such there are no documents to describe the requirements of the management 
system and their interaction, nor are there documents to provide direction to documentation 
related to the environmental management system.
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APD6.2.3.5 Document Control
The standard of document control for environment, health, and safety related matters at Borax 
Argentina was high, a point highlighted by ERM in their recent EHS audit of Borax 
Argentina. Documents were easily located, training and effluent data is updated monthly, 
current versions of relevant documents were available at locations where needed. The 
removal of obsolete documents from all points of issue and points of use is covered by ISO 
9000 procedure PQ.05.01.
APD6.2.3.6 Operational Control
Under ISO 14001 organisations must;
“Identify those operations and activities that are associated with the identified significant 
environmental aspects, in line with its policy, objectives and targets. The organisation shall 
plan these activities, including maintenance, in order to ensure that they are carried out under 
specified conditions by:
1. Establishing and maintaining documented procedures to cover situations where their 
absence could lead to deviations from the environmental policy and the objectives and 
targets,
2. Stipulating operating criteria in the procedures,
3. Establishing and maintaining procedures related to the significant environmental aspects 
of goods and services used by the organisation and communicating on of relevant 
procedures and requirements to suppliers and contractors.”
At present Borax Argentina does not satisfy these requirements. At this time a safety risk 
assessment and recommendations are being compiled and environmental aspects identified. 
The EHS audit is an integral part of this process. For example, the disposal of waste oil has 
been identified as a significant environmental aspect related to the operations of Borax 
Argentina. A procedure for handling the disposal of waste oil exists, but it has not been 
written down. A similar situation exists for most aspects of Borax Argentina’s operations 
which could have a significant environmental impact and would thus need documented 
systems to provide operational control.
APD6.2.3.7 Emergency Preparedness and Response
Borax Argentina has an emergency plan for each site which came into force in 1991, with the 
most recent updates being March 1996. Two emergency exercises are carried out every year 
at each site. Using Campo Quijano as an example, the EHS audit carried out by ERM found 
that,
“The plan is well written and organised, containing all the necessary information and 
hierarchy for an emergency. It also includes communication requirements with the 
community and with the media. However, the plan does not cover the responses that need to 
be put in practice in the event of different types of emergency.
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The emergency response plan incorporates only fire fighting and does not include other items 
such as emergency air emissions, spills, lagoon berms rupture and other emergency 
situations. It is recommended that a preliminary risk assessment be performed in order to 
identify all the potential accidents requiring an emergency response and include these in the 
plan.”
APD6.2.4 Checking and Corrective Action 
APD6.2.4.1 Monitoring and Measurement
APD6.2.4.1.1 Campo Quijano
Waste from the thickeners and classifiers destined for the solid waste site is measured for 
B203 and water content on a daily basis. Arsenic from these sources is measured on a 
monthly basis. The lagoon contents consist of rain water and surface washing from the plant 
area together with occasional boiler water discharge and mother liquor discharge. The 
sedimentation lagoon is monitored for B203, chloride, sodium carbonate and arsenic on a 
monthly basis. The evaporation lagoons are also monitored for B203, chloride, sodium 
carbonate and arsenic monthly. Analysis of the monitoring data takes place at an analytical 
laboratory at the Campo Quijano site.
Stack emissions arise from the boilers and for the anhydrous and Boroglas furnaces on the 
Campo Quijano site. Measurements for carbon monoxide, nitrous oxides and sulphur oxides 
were last made at the end of 1994. In November 1994 furnace emissions were measured for 
particulates, sodium chloride, chlorine, carbon monoxide, nitrous oxides, sulphur oxides and 
for boron.
Drinking water from Campo Quijano is analysed by a government laboratory. 
Physiochemical analysis is carried out every 12 months and bacteriological analysis is carried 
out every 6 months.
APD6.2.4.1.2 Tincalayu
Solid wastes are analysed for B203 and water content and waste slurries are analysed for 
borax content, clay and sand content and for water content. Measurements are made on a 
daily basis for waste streams from the concentration area and on a daily basis for waste 
streams from the thickeners.
Drinking water from Tincalayu is analysed by a government laboratory. Physiochemical 
analysis is carried out every 12 months and bacteriological analysis is carried out every 6 
months.
APD6.2.4.1.3 Sijes
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According to the EHS manager, the only waste stream at Sijes arises from Colemanite 
washing, an activity which takes place approximately six times per year, with approximately 
fifty tonnes of Colemanite washed each time. Water is pumped from the nearby Rio Sijes to 
the washing area, to a concrete decanter, and then discharged to the river. Monitoring takes 
place twice a year at three points; one in the river upstream of the plant, one in the river 
downstream of the plant, and one in the waste flow itself. Measurements are made for B203, 
arsenic and suspended solids.
Drinking water from Sijes is analysed by a government laboratory. Physiochemical analysis 
is carried out every 12 months and bacteriological analysis is carried out every 6 months.
APD6.2.4.1.4 Porvenir
Drinking water from Porvenir is analysed by a government laboratory. Physiochemical 
analysis is carried out every 12 months and bacteriological analysis is carried out every 6 
months.
No other environmental measurement takes place at Porvenir.
APD6.2.4.1.5 Documentation of Monitoring Data
The data generated from the monitoring programme is well documented, with copies of all 
monitoring data documented in clearly labelled file held at Campo Quijano by the EHS 
manager.
APD6.2.4.2 Non Conformance and Corrective and Preventative Action 
According to ISO 14001,
“The organisation shall establish and maintain procedures, define responsibility and authority, 
for handling and investigating non-conformance, taking action to mitigate the impacts caused 
by non-conformances and for initiating and completing corrective and corrective action.
Any corrective or preventative action taken to eliminate the causes of actual and potential 
non-conformances shall be appropriate to the magnitude of problems and commensurate with 
the environmental impact encountered.
The organisation shall implement and record any changes in the documented procedures 
resulting from the corrective and preventative action.”
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The EHS manager is responsible for handling any regulatory and company practice non­
conformance issues. The EHS audit is an important part of this process. If a formal 
environment management system is implemented, the EHS manager would have operational 
responsibility for identifying and handling non-conformance relating to the environmental 
management procedures set out in the environmental management system.
APD6.2.4.3 Records
Under systems such as ISO 14001 an organisation would need a procedure for the 
identification, maintenance and disposition of environmental records, including training 
records. As outlined in Section APD6.2.3.5, the standard of document management at Borax 
Argentina relating to environmental affairs is high. Documents are legible and well organised, 
with a clear indexing system. Training records are also well managed, and are covered by a 
specific ISO 9000 protocol already.
APD6.2.4.4 Environmental Management System Audit
At the present time there is no formal environmental management system in operation at 
Borax Argentina and as such there are no EMS audits.
An environment, health and safety audit was carried out in 1996 by Environmental Resources 
Management. However, the scope of this audit, broadly, was concerned with regulatory 
compliance issues in the Borax Europe sphere of operations. The audit protocol for Borax 
Argentina covered:
1. Air emissions
2. Wastewater
3. Hazardous wastes management
4. Other wastes management
5. Spill prevention and control
6. Bulk storage tanks
7. Water supply
8. PCB management
9. Asbestos management
10.Noise
11. Soil and groundwater contamination
12.Radioactive materials 
13.Other compliance issues
14. Safety and industrial hygiene
For the purposes of implementing and maintaining an effective environmental management 
system the environmental audit is an essential system component. Under such a formal 
system it is likely that the scope of environmental audits would need to be broadened beyond 
compliance issues to monitor progress towards specific environmental targets and objectives,
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building from a foundation of compliance with regulations as a minimum towards continuous 
improvement in performance.
APD6.2.5 Management Review of the Environmental Management System
At the present time there is no formal environmental management system in operation at 
Borax Argentina and as such there is no periodic review of the EMS specifically.
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APD7. Borax Espana EMS Review
APD7.1 Background to Operations -  Borax Espana
Borax Espana employs approximately 35 people at two sites in Spain, Europe. The main 
production site is in Nules, and there is a port warehouse facility in Valencia. The managing 
director of Borax Espana is currently Sr. Alberto Trunzo, who has recently taken over from 
Sr. Carlos Ladaria.
The main production site is dedicated to the grinding, packing and trading of borate products 
and industrial minerals. Currently only hydroboracite and kaolin are ground on site. There are 
facilities to grind Colemanite but these are not in use at the present time. Imported bulk borax 
pentahydrate and boric acid are sold in bulk containers and consumer packs. Agricultural 
products such as Agrobor are repackaged, while other non-borate agricultural products are 
received and sold directly in packed form. The warehouse facility in Valencia is used 
predominantly for the storage of borax pentahydrate, delivered to customers via vertical silo 
to trucks.
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APD7.2 Environmental Management System Review
A review of the extent to which Borax Espana adopts practices and systems compatible with 
ISO 14001, and a review of the views of site management on the future development of 
environmental management at Borax Espana was carried out at Nules on 25th June 1996 at a 
meeting attended by Sr. Francisco Torres, quality and environment, health & safety manager 
Borax Espana and Mr. Keith Shettle and Mr. Peter Argust from Borax Europe.
APD7.3 Environmental Policy
Borax Espana follows the Borax Group Environment, Health and Safety Policy, but also has 
its own policy for environment, health and safety, with the view expressed by Sr. Torres that 
some aspects of the Group policy, which covers all areas of Borax operations, including 
exploration and mining as well as chemical processing, could not be applied to Borax Espana.
APD7.4 Planning
APD 7.4.1 Environmental Aspects
There are two mechanisms whereby Borax Espana identifies its environmental aspects. The 
first is through the use of environment, health and safety audits. Environmental Resources 
Management (ERM) carried out an EHS audit of Borax Espana operations in 1995, the results 
of which were published in August 1995. The second mechanism is the management process. 
Borax Espana has a management committee, comprised of the managing director, the quality 
and EHS manager, the chief of operations, the maintenance chief, factory foremen and an 
EHS delegate from the staff, which meets on a monthly basis to review operations at Borax 
Espana. The results from monitoring programmes would help such a process. However, 
Borax Espana does not analyse air emissions from operations, and does not conduct water 
analysis.
APD7.4.2 Legal and Other Requirements
The federal government in Spain sets national statutory requirements for environmental 
impacts arising from manufacturing sites and includes an atmospheric emissions permit as 
part of the general industrial permit. The principal permit required is the Municipal Permit for 
a Classified Installation. Both Borax Espana sites have such permits. There is no discharge of 
water to any natural watercourse or directly into the ground, so Borax Espana does not need a 
discharge permit. The quantity of hazardous waste produced at Borax Espana is below the 
10,000 kg per year threshold which would require an annual declaration to the authorities.
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During the meeting at Nules the view was expressed that although there are national pollution 
limits, the local authorities have no permitting requirements since Borax Espana is not in an 
industrial area. There is weak control by the authorities in any case since there is an economic 
recession in Spain and the government does not wish to increase the burden of industry at the 
present time. Nonetheless, Sr. Torres explained that, to the best of his knowledge, Borax 
Espana was in full regulatory compliance at that time. Francisco Torres receives a daily 
journal from an industry association and a body which is the Spanish equivalent of the British 
Standards Institution provide updates on environmental law and forthcoming changes in the 
law.
APD 7.4.3 Objectives and Targets
Objectives and targets have been set as a response to recent EHS audits by ERM and by 
Borax’ parent company, Rio Tinto Zinc (RTZ). These mechanisms will provide a list of 
recommendations for improvement based upon the operations as seen at a given time. An 
action list was then drawn up and time-scales agreed upon. In addition to these mechanisms, a 
weekly walk around the site by the head of quality, environment, health and safety presents 
the opportunity for areas for improvement to be identified which may have arisen since the 
audits took place. Often such areas are maintenance related and the maintenance chief is 
consulted to agree upon actions and time-scales. Progress towards environmental targets will 
be reviewed on a monthly basis at meetings of the EHS committee which also presents an 
opportunity for targets and objectives to be reviewed. These meetings are minuted and 
documented fully.
APD 7.4.4 Environmental Management Programmes
At the time of the management systems review, action plans to respond to suggestions made 
during the EHS audit were being drawn up. These plans included designation of 
responsibility for the action programme and target completion dates. Sr. Torres produces a 
computer report on a monthly basis to review progress towards existing objectives and 
targets.
APD7.5 Implementation and Operation 
APD 7.5.1 Structure and Responsibility
Individual responsibility for environment, health and safety, ultimately rests with the 
managing director of Borax Espana. Day to day responsibility for environmental, health and 
safety issues rests with Sr. Francisco Torres, head of quality. Sr. Torres is supported in this 
responsibility by Sr. M. Galindo, head of operations, and Sr. B. Rodriguez, head of the 
laboratory. Sr. Torres produces a monthly report of progress towards environmental, health 
and safety targets for the monthly management review.
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Should a formal environmental management system be adopted it would be likely that Sr. 
Torres would assume responsibility for:
1. Ensuring that the environmental management systems requirements are established, 
implemented and maintained for Borax Espana and
2. Reporting on the performance of the environmental management system to management 
for review and as a basis for improvement of the environmental management system for 
Borax Espana.
APD7.5.2 Training, Awareness and Competence
Borax Espana is registered to ISO 9002, and as such has formalised and documented training 
procedures. Subjects for future training are discussed at the monthly management review. 
Francisco Torres has already made an initial list of areas which need to be covered regarding 
training in health and safety. Borax Espana’s insurance company will set dates for training 
and ensure that necessary training of Borax Espana staff is carried out.
Under ISO 14001 Borax Espana would need to implement training programmes to ensure that 
all employees at relevant function levels within the organisation are aware of the importance 
of the environmental policy and the importance of operating procedures, the significant 
impacts of their work activities upon the environment and the benefits of improved individual 
performance and their responsibilities and roles in the management of environmental issues 
(including the requirements of the management systems and procedures and including their 
responsibilities during emergency response situations).
APD7.5.3 Communication
Internal communication systems are established at Borax Espana. Environment, health and 
safety walks and tours should present operators with an opportunity to discuss concerns with 
supervisors and the relevant management representatives. Monthly management meetings 
with environment, health and safety included on the agenda, with a designated staff 
representative as well as a management representative for environment, health and safety, 
with meetings all minuted and documented, will provide a means of internal communication 
of progress and issues.
APD 7.5.4 Environmental Management System Documentation
At present there is no formal environmental management system in operation at Borax 
Espana. As such there are no documents to describe the requirements of the management 
system and their interaction specifically, nor are there documents to provide direction to 
documentation related to the environmental management system.
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APD7.5.5 Document Control
The standard of document control for environment, health and safety related matters at Borax 
Espana is good, with a recent EHS audit by ERM commenting that,
“Documentation was thorough and comprehensive. During the audit all the documentation 
requested was made available for review.”
The removal of obsolete documents from all points of issue and points of use should be 
covered by a specific ISO 9000 protocol.
APD7.5.6 Operational Control
Under ISO 14001 organisations must;
“Identify those operations and activities that are associated with the identified significant 
environmental aspects, in line with its policy, objectives and targets. The organisation shall 
plan these activities, including maintenance, in order to ensure that they are carried out under 
specified conditions by:
1. Establishing and maintaining documented procedures to cover situations where their 
absence could lead to deviations from the environmental policy and the objectives and 
targets,
2. Stipulating operating criteria in the procedures,
3. Establishing and maintaining procedures related to the significant environmental aspects 
of goods and services used by the organisation and communicating on of relevant 
procedures and requirements to suppliers and contractors.”
At Borax Espana environmental procedures are included in the general health and safety and 
operational procedures. However, at the present time there are aspects of operational control 
at Borax Espana which will require attention in order to satisfy the requirements of ISO 
14001. For example, at the time of the EHS audit off specification materials were “stored in 
the back yard [of the Nules facility,] in an open area, on bare ground, not clearly identified or 
separated and in bags which are in poor condition. ... The potential sources of ground 
contaminants from the site are mainly the rainwater drainage system and leachate from the 
waste storage at the back yard. Leachate from the wastes stored in the open may include 
metals from rusty scrap, arsenic from Colemanite and ulexite, and boracic compounds.”
APD 7.5.7 Emergency Preparedness and Response
Borax Espana has a fully documented emergency response programme.
APD7.6 Checking and Corrective Action 
Monitoring and Measurement
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Although there are no dust emission limits in Spain, Borax Espana’s insurance company 
carries out air sampling every quarter, with two personal meters in the milling area and one in 
the packing area. This is done to assess compliance with regulatory requirements for 
operations handling minerals to monitor and control respirable dust and free silica. Storm- 
water run off is collected in a central sump and open canals, and diverted into a lined holding 
lagoons. Quarterly analyses of the water take place. However, Borax Espana has no control 
over the use one if its neighbours may make of the lagoon.
There are no environmental noise limits in place at the Nules site. Nonetheless, noise 
monitoring takes place every time there is a change in the operating plant, since Borax 
Espana’s operations are subject to indoor noise regulations. The insurance company provides 
a yearly medical review for all the workers which includes hearing measurements and 
respiratory assessments among others. They do not, however, include chest x-radiography. 
However, the recent EHS audit recommended that monitoring and measurement could be 
improved regarding noise monitoring in the automatic packing area, and monitoring the 
integrity of the textile lining of the rainwater lagoon, for example.
Non Conformance and Corrective and Preventative Action 
According to ISO 14001,
“The organisation shall establish and maintain procedures, define responsibility and authority, 
for handling and investigating non-conformance, taking action to mitigate the impacts caused 
by non-conformances and for initiating and completing corrective and corrective action.
Any corrective or preventative action taken to eliminate the causes of actual and potential 
non-conformances shall be appropriate to the magnitude of problems and commensurate with 
the environmental impact encountered.
The organisation shall implement and record any changes in the documented procedures 
resulting from the corrective and preventative action.”
Francisco Torres is responsible for handling any regulatory and company practice non­
conformance issues. The EHS audit is an important part of this process. If a formal 
environment management system is implemented, Sr. Torres would have operational 
responsibility for identifying and handling non-conformance relating to the environmental 
management procedures set out in the environmental management system.
Records
Under systems such as ISO 14001 an organisation would need a procedure for the 
identification, maintenance and disposition of environmental records. As outlined in Section 
APD7.5.5, the standard of record keeping and record management at Borax Espana relating
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to environmental affairs is good. Training records are covered by a specific ISO 9000 
protocol already.
Environmental Management System Audit
At the present time there is no formal environmental management system in operation at 
Borax Espana and as such there are no EMS audits specifically.
An environment, health and safety audit was carried out in 1995 by Environmental Resources 
Management. However, the scope of this audit, broadly, was concerned with regulatory 
compliance issues in the Borax Europe sphere of operations. The audit protocol for Borax 
Espana covered:
1. Air emissions
2. Wastewater
3. Hazardous wastes management
4. Other wastes management
5. Spill prevention and control
6. Bulk storage tanks
7. Water supply
8. PCB management
9. Asbestos management
10.Noise
11. Soil and groundwater contamination
12.Radioactive materials 
13.Other compliance issues
14. Safety and industrial hygiene
As was stated in the audit report,
“The aim of the EHS audit was to identify any actual and potential liabilities and to assess the 
site in terms of compliance with Spanish EHS legislation.”
For the purposes of implementing and maintaining an effective environmental management 
system the environmental audit is an essential system component. Under such a formal 
system it is likely that the scope of environmental audits would need to be broadened beyond 
compliance issues to monitor progress towards specific environmental targets and objectives, 
building from a foundation of compliance with regulations as a minimum towards continuous 
improvement in performance.
APD7.7 Management Review of the Environmental Management System
At the present time there is no formal environmental management system in operation at 
Borax Espana and as such there is no periodic review of the EMS specifically.
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APD8. Borax Francais EMS Review
APD8.1 Background to Operations at Le Borax Francais
Le Borax Francais employs approximately 125 people at an operating site at Coudekerque, 
near Dunkerque in Northern France, Europe. The site produces boric acid and high grade 
borates. The production processes produce a large amount of gypsum waste material which is 
disposed of in a neighbouring landfill. The managing director of Le Borax Francais is Mr. 
Emile Gonez, with operations directed by Mr. Jean-Louis Vallin.
The site produces borax decahydrate by dissolving borax pentahydrate with mother liquor, 
settling the sludge and then crystallising the product. Boric acid is produced by crushing and 
grinding Colemanite ore, attacking the ore with a sulphuric mother liquor, which generates 
boric acid and gypsum. The gypsum, which contains small amounts of gangue materials and 
other impurities (including arsenic and boron) is transferred to landfill.
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APD8.2 Environmental Management System Review.
A review of the extent to which Le Borax Francais adopts practices and systems compatible 
with ISO 14001, and a review of the views of site management on the future development of 
environmental management at Le Borax Francais was carried out at Coudekerque on 17th 
June 1996 at a meeting attended by: Mr. Jean Louis Vallin, operations director Borax 
Francais, Mr. Regis Thyot, environment & laboratory manager Borax Francais, Mr. Jean 
Dufour, health & safety and quality manager Borax Francais and Mr. Keith Shettle and Mr. 
Peter Argust from Borax Europe.
APD8.2.1 Environmental Policy
Borax Francais follows the Borax Group Environment, Health and Safety Policy, with no 
specific environment, health and safety policy dedicated to operations at Coudekerque. The 
group policy provides guidance to Borax Francais on EHS principles in the group but the 
representatives from Borax Francais felt that a site specific policy would give a more 
accessible framework to aid them in setting objectives and targets.
APD8.2.2 Planning
APD8.2.2.1 Environmental Aspects
There are two mechanisms whereby Borax Francais identifies its environmental aspects. The 
first is through the use of environment, health and safety audits. Environmental Resources 
Management (ERM) carried out an EHS audit of Borax Francais operations in 1995, the 
results of which were published in May 1995. The second mechanism is the management 
process. The health and safety manager conducts a weekly tour of the Coudekerque 
operations which allows aspects to be identified and communicated to him. There is no 
specific environmental committee, but weekly management meetings include a review of the 
EHS programme. These meetings are fully minuted. On a quarterly basis there is a formal 
health and safety meeting for the site. The environmental impact which has been determined 
as the most important at the present time is the management of waste arising from operations 
at the site.
APD8.2.2.2 Legal and Other Requirements
The Local Authority determine whether or not Borax Francais is allowed to operate. It gives 
an operations consent which includes discharge limits. Discharge limits to water can change 
quarterly. There is no formal management procedure to respond to these changes and on the 
day of the meeting (June 17th 1996) the management representatives were not sure whether 
or not they were in compliance at that time. The meeting was informed that in France
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ignorance of the law is not an adequate defence, and so Borax Francais receives a lot of 
information on legal requirements and proposed changes to the law through membership of 
industry associations. Furthermore, they subscribe to Ulrich, which provides health and safety 
updates to Mr. Dufour and environment updates to Mr. Thyot. These updates are received on 
a weekly basis.
APD8.2.2.3 Objectives and Targets
Objectives and targets take account of internal and external drivers. The nature and priority of 
objectives often depends on local authority considerations. For example, the Dunkerque 
region has a local objective for reducing aqueous releases to canals so this is taken into 
account when setting objectives. Borax Francais produces an annual business plan which 
includes specific environmental objectives such as minimising the visual impact of 
operations. This objective has a deadline of three years: a schedule which has been agreed by 
management as being both realistic and achievable. Objectives and targets and the progress 
towards meeting these targets is reviewed on a weekly basis at management meetings, on a 
quarterly basis at the formal EHS review, and on an annual basis at the full business review.
APD8.2.2.4 Environmental Management Programmes
A number of programmes are in place at Borax Francais to achieve the objectives and targets, 
such as the installation of dust detectors around the site to monitor dust levels and identify 
dust filter failures, and a programme to ensure that all machine tools will comply with 
forthcoming legislation.
How formally designation of responsibility for achieving these targets is carried out depends 
on the scale of the project. It was suggested by the management representatives that for some 
small projects responsibility is often self evident whilst other projects, such as the dust 
reduction programme, require a much greater level of resource and roles and responsibilities 
are defined much more formally. Time frames for achieving targets are agreed and 
documented, either at weekly management meetings or at quarterly or annual reviews. 
Whether the means of achieving objectives and targets is reported will depend entirely on the 
nature and scale of the project.
Individual roles and responsibilities are defined at the start of each year in employee appraisal 
and objective setting exercises which include time-frames and indicators of performance. 
These are reviewed on a six-monthly and annual basis.
APD8.2.3 Implementation and Operation 
APD8.2.3.1 Structure and Responsibility
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As discussed in Section APD8.2.2.4, individual responsibilities are determined through the 
employee appraisal system. Jean Dufour has been assigned functional responsibility for 
health and safety related issues, Regis Thyot has been assigned functional responsibility for 
environment related issues, and Jean-Louis Vallin has overall responsibility for environment, 
health and safety matters on the site, but is not involved in day-to-day issues. It is the 
responsibility of Messrs. Dufour and Thyot to report on progress in their areas to the weekly 
management meetings. In addition, both produce quarterly reports on progress and targets in 
their functional areas for discussion at the quarterly management review.
Should a formal environmental management system be adopted it would be likely that Regis 
Thyot would assume responsibility for:
1. Ensuring that the environmental management system requirements are established, 
implemented and maintained for Borax Francais and
2. Reporting on the performance of the environmental management system to top 
management for review and as a basis for improvement of the environmental management 
system for Borax Francais.
APD8.2.3.2 Training, Awareness and Competence
Borax Francais is registered to ISO 9002, and as such has formalised and documented 
training procedures. A programme for training in health and safety matters already exists and 
is implemented, covering such issues as manual lifting, first aid, and fire training. However, 
at the present time there is no training programme for environmental issues. Nonetheless, the 
environmental and laboratory manager outlined plans to introduce a training programme for 
the site, to sensitise the work-force to environmental issues in the first instance, for example 
through meetings within functional areas, and then to increase awareness among the work­
force regarding the environmental impact of the daily operations of the site.
Under ISO 14001 Borax Francais would need to implement training programmes to ensure 
that all employees at relevant function levels within the organisation are aware of the 
importance of the environmental policy and the importance of operating procedures, the 
significant impacts and potential impacts of their work activities upon the environment and 
the benefits of improved individual performance and their responsibilities and roles in the 
management of environmental issues (including the requirements of the management systems 
and procedures and including their responsibilities during emergency response situations).
APD8.2.3.3 Communication
Internal communication systems are well established at Borax Francais. Environment, health 
and safety walks and tours should present operators with an opportunity to discuss concerns 
and issues with supervisors and the relevant management representatives. Weekly 
management meetings with environment, health and safety included on the agenda, minuted 
and documented will provide a means of internal communication of progress and issues, with
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quarterly and annual review meetings for communication with senior management on 
strategic issues related to environment, health and safety.
Regarding external communication, Borax Francais must, by law, communicate data on the 
quantity of gypsum and produced at the site to its local authority on a quarterly basis. The 
formal roles and responsibilities for communicating with external parties were not discussed 
during the review meeting.
APD8.2.3.4 Environmental Management System Documentation.
At present there is no formal environmental management system in operation in Borax 
Francais. As such there are no documents to describe the requirements of the management 
system and their interaction specifically, nor are there documents to provide direction to 
documentation related to the environmental management system.
APD8.2.3.5 Document Control
The standard of document control for environment, health and safety related matters at Borax 
Francais is good, with a recent EHS audit by ERM commenting that,
“Documentation was thorough and comprehensive. During the two days of the audit almost 
all of the documentation requested was made available for review.”
The removal of obsolete documents from all points of issue and points of use should be 
covered by a specific ISO 9002 protocol.
APD8.2.3.6 Operational Control
Under ISO 14001 organisations must;
“Identify those operations and activities that are associated with the identified significant 
environmental aspects, in line with its policy, objectives and targets. The organisation shall 
plan these activities, including maintenance, in order to ensure that they are carried out under 
specified conditions by:
1. Establishing and maintaining documented procedures to cover situations where their 
absence could lead to deviations from the environmental policy and the objectives and 
targets,
2. Stipulating operating criteria in the procedures,
3. Establishing and maintaining procedures related to the significant environmental aspects 
of goods and services used by the organisation and communicating on of relevant 
procedures and requirements to suppliers and contractors.”
At the present time there are aspects of operational control at Borax Francais which will 
require attention in order to satisfy these requirements. Areas such as effluent discharge and 
landfill leaching could present a major challenge to the business in the event of a pollution 
incident and risks must be carefully evaluated and controlled.
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APD8.2.3. 7 Emergency Preparedness and Response
Borax Francais has a fully documented emergency response programme.
APD8.2.4 Checking and Corrective Action 
APD8.2.4.1 Monitoring and Measurement
Under the conditions of its operating permit Borax Francais is required to operate six 
piezometers in the landfill and carry out quarterly analysis for pH, boric acid, calcium, 
magnesium, arsenic, lead in the landfill. Quarterly analysis of the water in the local waterway 
flowing along the landfill is required. Local regulations also require regular testing to be 
carried out at the gas boiler house for steam and other emissions.
As discussed in Section APD8.2.2.4, Borax Francais has installed five dust detectors around 
the site to monitor dust levels and identify dust filter failures. Also, at the time of the 
management systems review Borax Francais had recently set up a simple meteorological 
station on the site to measure wind direction and wind speed. Noise monitoring has been 
carried out to determine occupational exposure and to determine boundary noise levels 
around the site.
However, the recent EHS audit recommended that monitoring and measurement could be 
improved regarding leachate and surface run-off at the landfill site, recommended increased 
sampling of site effluent and suggested that Borax Francais carry out a limited ground 
contamination study to estimate the extent of any potential contamination.
APD8.2.4.2 Non Conformance and Corrective and Preventative Action 
According to ISO 14001,
“The organisation shall establish and maintain procedures, define responsibility and authority, 
for handling and investigating non-conformance, taking action to mitigate the impacts caused 
by non-conformances and for initiating and completing corrective and corrective action.
Any corrective or preventative action taken to eliminate the causes of actual and potential 
non-conformances shall be appropriate to the magnitude of problems and commensurate with 
the environmental impact encountered.
The organisation shall implement and record any changes in the documented procedures 
resulting from the corrective and preventative action.”
Appendix 8- Environmental Management Systems Review fo r  Le Borax Francais
APD8. 6
Engineering Doctorate in Environmental Technology. Sustainable Development and the Global Mining Industry
P.W. Argust, Rio Tinto /  Borax
Regis Thyot is responsible for handling any regulatory and company practice non­
conformance issues. The EHS audit is an important part of this process. If a formal 
environment management system is implemented, Mr. Thyot would have operational 
responsibility for identifying and handling non-conformance relating to the environmental 
management procedures set out in the environmental management system.
APD8.2.4.3 Records
Under systems such as ISO 14001 an organisation would need a procedure for the 
identification, maintenance and disposition of environmental records. As outlined in Section 
APD8.2.3.5 the standard of record keeping and record management at Borax Francais relating 
to environmental affairs is good. Training records are covered by a specific ISO 9000 
protocol already.
APD8.2.4.4 Environmental Management System Audit
At the present time there is no formal environmental management system in operation at 
Borax Francais and as such there are no EMS audits.
An environment, health and safety audit was carried out in 1995 by Environmental Resources 
Management. However, the scope of this audit, broadly, was concerned with regulatory 
compliance issues in the Borax Europe sphere of operations. The audit protocol for Borax 
Francais covered:
1. Air emissions
2. Wastewater
3. Hazardous wastes management
4. Other wastes management
5. Spill prevention and control
6. Bulk storage tanks
7. Water supply
8. PCB management
9. Asbestos management
10.Noise
11. Soil and groundwater contamination
12.Radioactive materials 
13.Other compliance issues
14. Safety and industrial hygiene
As was stated in the audit report,
“The primary objective of the audit was to evaluate environmental operations at the site from 
an EHS risk and priority perspective. A secondary objective was to identify operations that do 
not appear to be in compliance with applicable French laws or regulations.”
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For the purposes of implementing and maintaining an effective environmental management 
system the environmental audit is an essential system component. Under such a formal 
system it is likely that the scope of environmental audits would need to be broadened beyond 
compliance issues to monitor progress towards specific environmental targets and objectives, 
building from a foundation of compliance with regulations as a minimum towards continuous 
improvement in performance.
APD8.2.5 Management Review of the Environmental Management System
At the present time there is no formal environmental management system in operation at 
Borax Francais and as such there is no periodic review of the EMS specifically.
However, both the environment & laboratory manager and the quality & health and safety 
manager must summarise progress in their activity areas for an annual management review of 
the business strategy.
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APD9. Borax Rotterdam EMS Review 
APD9.1 Background to Operations at Borax Rotterdam
Borax Rotterdam is a processing and distribution facility, receiving approximately 300,000 
tonnes a year from Wilmington in eight shipments. On-site processes include sieving, milling, 
granulation, bagging, storage, physical and chemical analysis and delivery of mineral 
products. Products are transported by conveyor belts and sieved in the sieve tower.
The site operates a granulation plant, in which powder boric acid and sodium tetraborate 
pentahydrate are treated with steam and heated to produce a granular compound trademarked 
as Solubor DF. Contaminated product such as spill materials from the ships are transported to 
Borax Francais in Coudekerque for refining. Production is in two shifts, 5 days a week, 52 
weeks a year.
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APD9.2 Environmental Management Systems Review
A review of the extent to which Borax Rotterdam adopts practices and systems compatible 
with ISO 14001, and a review of the views of site management on the future development of 
environmental management at Borax Rotterdam was carried out at Rotterdam on 18th June 
1996 at a meeting attended by: Mr. Hans Sjouke, managing director Borax Rotterdam, Mr. 
Ron Kouwenhoven, quality, environment, health and safety manager Borax Rotterdam, and 
Mr. Keith Shettle and Mr. Peter Argust from Borax Europe.
APD9.2.1 Environmental Policy
Borax Rotterdam follows the Borax Group Environment, Health and Safety Policy, with no 
specific environment, health and safety policy dedicated to operations at Rotterdam. The 
group policy, Appendix A, provides guidance to Borax Rotterdam on EHS principles across 
the group but the representatives from Borax Rotterdam argued that Borax Rotterdam faces 
different issues than those faced at the mine at Boron, for example and as such found the 
group policy too generic to provide specific guidance to Borax Rotterdam.
APD9.2.2 Planning
APD9.2.2.1 Environmental Aspects
It is Dutch law to hire an accredited safety expert every twelve months to tour the site and 
review safety. This tour is carried out by Mr Sjouke, Mr. Kouwenhoven, the safety expert, 
and members of the local authority safety council. The objective of this activity is to identify 
significant aspects of Borax Rotterdam’s operations which could impact upon health and 
safety and to make recommendations on how either operations or safety arrangements could 
be adapted to improve the safety position of the site.
For environmental aspects there are two mechanisms whereby Borax Rotterdam can identify 
its significant environmental aspects. The first is through the use of environment, health and 
safety audits. Environmental Resources Management (ERM) carried out an EHS audit of 
Borax Rotterdam operations in 1995, the results of which were published in February 1996. 
The second mechanism is the management process. The quality, environment, health and 
safety manager conducts a weekly tour of operations at Rotterdam which allows him to 
identify aspects and for staff to communicate aspects to him. There is a site Health, Safety 
and Environment Committee which meets once a month. These meetings are minuted and 
documented.
APD9.2.2.2 Legal and Other Requirements
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Borax Rotterdam is subject to a number of regulatory requirements, which include 
requirements such as dust concentrations, dust filter requirements, fire fighting equipment 
requirements, noise limits, storage containment from flammable liquids and paints, above 
ground storage for waste oils, among others, all set out in their operating permits. Any 
changes in the permitting situation is done through consultation. Borax Rotterdam has 
representation on Industry Associations such as the Association of Harbour Companies, and 
the Association of Europoort and Botlek Interests. These industry associations keep Borax 
Rotterdam up to date on forthcoming legislation.
APD9.2.2.3 Objectives and Targets
During the meeting it was argued that a key feature in setting environmental strategy and 
occupational health and safety strategy is setting targets effectively. The view was expressed 
that Borax Group targets are often only seen by the chief executive, and the Heads of 
Regulatory and Environmental Affairs, but, critically, not by the local managing directors 
who actually have to implement systems to meet the group targets.
Setting objectives is done at Borax Rotterdam by Hans Sjouke and Ron Kouwenhoven at 
review meetings which take place each Friday at 11:00. They review possible environmental 
action programmes and prioritise the actions. Borax Rotterdam is reluctant to set numerical 
targets, but is striving to reduce energy costs through reduction of the energy consumption 
per unit produced. However, it was stressed that it is often difficult to associate a benefit with 
a particular action, since process changes are complex. Nonetheless, objectives and targets 
are established at the review meetings, which are minuted.
APD9.2.2.4 Environmental Management Programmes
A number of programmes are in place at Borax Rotterdam to improve environmental 
performance at the site. The individual roles and responsibilities and time frames for 
completion are determined by Mr Kouwenhoven and Mr Sjouke in consultation with Mr. Jack 
Rijsdijk, the technical manager who is responsible for all environmental engineering projects.
APD9.2.3 Implementation and Operation 
APD9.2.3.1 Structure and Responsibility
Ultimate responsibility for environment, health and safety issues at Borax Rotterdam rests 
with Mr. Hans Sjouke, the managing director of Borax Rotterdam. On 20th December 1995 
Mr. Ron Kouwenhoven was assigned functional responsibility for EHS in addition to his 
duties as quality manager. Previously EHS had been managed by Mr. Jack Rijsdijk, the 
technical manager, who continues to be responsible for environmental engineering projects. 
Mr. Kouwenhoven reports progress to Mr. Sjouke on a weekly basis, and to a works meeting 
on a bi-monthly basis.
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Should a formal environmental management system be adopted it would be likely that Mr. 
Kouwenhoven would assume responsibility for:
1. Ensuring that the environmental management system requirements are established, 
implemented and maintained for Borax Rotterdam and
2. Reporting on the performance of the environmental management system to top 
management for review and as a basis for improvement of the environmental management 
system for Borax Rotterdam.
APD9.2.3.2 Training, Awareness and Competence
Borax Rotterdam is registered to ISO 9002, and as such has formalised and documented 
training procedures. Near misses are reported to Ron Kouwenhoven, who reports any 
incidents or potential incidents to all departments. In consultation with Mr. Sjouke, Mr. 
Kouwenhoven designs training programmes to bolster awareness and competence. To date 
effort has been focused on safety related issues, but there are plans to broaden training to 
include environmental issues, partly as a reflection of increasing awareness at a national level 
of environmental issues in the Netherlands.
Under ISO 14001 Borax Rotterdam would need to implement training programmes to ensure 
that all employees at relevant function levels within the organisation are aware of the 
importance of the environmental policy and the importance of operating procedures, the 
significant impacts and potential impacts of their work activities upon the environment and 
the benefits of improved performance and their roles and responsibilities in the management 
of environmental issues (including the requirements of the management systems and 
procedures and including their responsibilities during emergency response situations).
APD9.2.3.3 Communication
Internal communication systems are well established at Borax Rotterdam, Environment, 
health and safety walks and tours should present operators with an opportunity to discuss 
concerns and issues with supervisors and the relevant management representatives. Weekly 
review meetings between the quality, environment, health and safety manager and the 
managing director, minuted and documented, together with monthly health, safety and 
environment committee meetings and a bi-monthly staff meeting for environment, health and 
safety matters provides a means of internal communication of progress and issues.
The formal roles for communicating with external parties were not discussed during the 
review meeting, although it is understood that in regard to communication during emergency 
situations roles and responsibilities are clearly defined in the emergency plan.
APD9.2.3.4 Environmental Management System Documentation
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At present there is no formal environmental management system in operation in Borax 
Rotterdam. As such there are no documents to describe the requirements of the management 
system and their interaction specifically, nor are there documents to provide direction to 
documentation related to the environmental management system.
APD9.2.3.5 Document Control
The standard of document control for environment, health and safety related matters at Borax 
Rotterdam is good, and the removal of obsolete documents from all points of issue and points 
of use should be covered by a specific ISO 9002 protocol.
APD9.2.3.6 Operational Control
Under ISO 14001 organisations must;
“Identify those operations and activities that are associated with the identified significant 
environmental aspects, in line with its policy, objectives and targets. The organisation shall 
plan these activities, including maintenance, in order to ensure that they are carried out under 
specified conditions by:
1. Establishing and maintaining documented procedures to cover situations where their 
absence could lead to deviations from the environmental policy and the objectives and 
targets,
.2. Stipulating operating criteria in the procedures,
3. Establishing and maintaining procedures related to the significant environmental aspects 
of goods and services used by the organisation and communicating on of relevant 
procedures and requirements to suppliers and contractors.”
At the present time there are aspects of operational control at Borax Rotterdam which will 
require attention in order to satisfy these requirements. Areas such as waste labelling and 
management, selection and control of subcontractors, enforcement of personal protection 
equipment use, for example, are areas which would need attention under ISO 14001.
APD9.2.3.7 Emergency Preparedness and Response
Borax Rotterdam has a written emergency plan. However, a recent audit by ERM commented 
that, “This plan is not up to date (1993) and is not adequately implemented”, and gave a series 
of recommendations to improve this situation. It is understood that Borax Rotterdam has 
taken steps to address this issue.
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APD9.2.4 Checking and Corrective Action 
APD9.2.4.1 Monitoring and Measurement
Borax Rotterdam has a number of monitoring programmes in place, including quarterly dust 
monitoring of the working environment, a noise map has been made of the site and specific 
actions taken as a response. There is no legal requirement to carry out water monitoring yet 
but the head of laboratory, Bill Schraven, is looking into developing a monitoring programme 
as it is felt that the legal requirements may change.
However, a number of improvements may need to be made to the monitoring programme to 
satisfy an environmental management system, such as dust filter monitoring, septic tank 
inspection, monitoring compliance with permit requirements, for example.
APD9.2.4.2 Non Conformance and Corrective and Preventative Action 
According to ISO 14401,
“The organisation shall establish and maintain procedures, define responsibility and authority, 
for handling and investigating non-conformance, taking action to mitigate the impacts caused 
by non-conformances and for initiating and completing corrective and corrective action.
Any corrective or preventative action taken to eliminate the causes of actual and potential 
non-conformances shall be appropriate to the magnitude of problems and commensurate with 
the environmental impact encountered.
The organisation shall implement and record any changes in the documented procedures 
resulting from the corrective and preventative action.”
The EHS audit is an important part of this process. If a formal environment management 
system is implemented, it is likely that Mr. Kouwenhoven would have operational 
responsibility for identifying and handling non-conformance relating to the environmental 
management procedures set out in the environmental management system.
APD9.2.4.3 Records
Under systems such as ISO 14001 an organisation would need a procedure for the 
identification, maintenance and disposition of environmental records. As outlined in Section 
APD9.2.3.5 the standard of record keeping and record management at Borax Rotterdam 
relating to environmental affairs is good. Training records are covered by a specific ISO 9000 
protocol already.
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APD9.2.4.4 Environmental Management System Audit
At present there is no formal environmental management system in operation at Borax 
Rotterdam and as such there no EMS audits.
An environment, health and safety audit was carried out by Environmental Resources 
Management, with a report issued in February 1996. The scope of this audit was limited to the 
following, as outlined in the Audit Report:
• To identify the past and current environmental, health and safety problems and potential 
liabilities associated with the site.
• To assess the facility operations in terms of compliance with local and national laws on 
environmental health and safety issues.
• To highlight both strengths and weaknesses and make recommendations for improvement.
The audit protocol for Borax Rotterdam covered:
1. Air emissions
2. Wastewater
3. Hazardous wastes management
4. Other wastes management
5. Spill prevention and control
6. Bulk storage tanks
7. Water supply
8. PCB management
9. Asbestos management
10.Soil and groundwater contamination 
11 .Radioactive materials 
12.Other compliance issues 
13.Safety and industrial hygiene
For the purposes of implementing and maintaining an effective environmental management 
system the environmental audit is an essential component. Under such a formal system it is 
likely that the scope of environmental audits would need to be broadened from a foundation 
of compliance with regulations as a minimum towards continuous improvement in 
performance.
APD9.2.5 Management Review of the Environmental Management System
At present there is no formal environmental management system in operation at Borax 
Rotterdam and as such there is no periodic review of the EMS specifically.
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APD10. Borax UK EMS Review
APD10.1 Background to Operations at Borax UK (Micro Milling)
Micro Milling employs approximately 32 people and is currently located in an industrial zone 
of Widnes, Cheshire, in the north-west region of England, UK. The production site at Widnes 
comprises storage and plant buildings, silos of 17,000 tonnes capacity, a weigh-bridge, 
administrative and service buildings. The Widnes site carries out the reception, processing 
and dispatch of a wide range of industrial mineral products. Processes include crushing, 
milling, drying, bagging, storage, physical analysis and delivery of mineral products.
Micro Milling also operates a dock facility at Runcorn, Cheshire, leased from Manchester 
Ship Canal company. This facility is used to store and distribute dolomite for the glass 
industry, sodium sulphate for the detergent and glass industries and both bulk and bagged 
borax products for Borax Europe.
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APD10.2 Environmental Management Systems Review
A review of the extent to which Micro Milling adopts practices and systems compatible with 
ISO 14001, and a review of the views of site management on the future development of 
environmental management at Micro Milling was carried out at Widnes and Runcorn on 5th 
June 1996 at a meeting attended by: Mr. Paul Murray, managing director Micro Milling, Mr. 
David Ray, production manager Micro Milling, and Mr. Keith Shettle and Mr. Peter Argust 
from Borax Europe.
APD10.2.1 Environmental Policy
Micro Milling follows the Borax Group Environment, Health and Safety Policy, with no 
specific environment, health and safety policy dedicated to operations at Widnes and 
Runcorn. The group policy, Appendix A, provides guidance to Micro Milling on EHS 
principles in the group, however, it may not necessarily provide Micro Milling with the site 
specific framework to aid Micro Milling in setting objectives and targets.
APD10.2.2 Planning
APD10.2.2.1 Environmental Aspects
There are two mechanisms whereby Micro Milling identifies its environmental aspects. The 
first is through the use of environment, health and safety audits. A number of audits have 
been carried out at Micro Milling in recent years. RTZ environmental affairs department 
carried out an environmental review of Micro Milling in April 1993, a ‘Duty of Care’ audit 
was undertaken by Aspinwall and Company in August 1994, and Environmental Resources 
Management (ERM) carried out an EHS audit of Micro Milling operations in 1995, the 
results of which were published in January 1996.
The second mechanism is the management process. At the time of the ERM audit there was 
no formal environment committee, but environmental matters were communicated through 
the site Health and Safety Committee, which meets on a monthly basis.
APD10.2.2.2 Legal and Other Requirements
The materials and processes used at Micro Milling require that the operations are classed in 
the UK as a Part B Mineral Process under the Environmental Protection (Prescribed 
Processes and Substances) Regulations. Halton Borough are the local authority responsible 
for granting permits to operate under UK allied pollution control (APC), with variations to 
authorisation required as processes change. Discharge to water permits are granted by the UK
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Environment Agency (formerly the National Rivers Authority) for surface water discharges 
and by United Utilities (formerly North West Water) for trade effluent discharges.
Under ISO 14001 Micro Milling would need to maintain a procedure for ensuring that they 
are fully aware of and comply with current legal requirements and would need to establish a 
system to ensure they are informed of any forthcoming changes in legislation.
APD10.2.2.3 Objectives and Targets
Objectives and targets are based, in large part, on the recommendations for action made in the 
environmental audit and review findings from RTZ, from Aspinwall & Company, and from 
ERM. A number of objectives have been established, and the overall programme is included 
in the business plan, reviewed annually. Objectives and targets and progress towards meeting 
these targets is reviewed at management meetings at Widnes, and at quarterly meetings of the 
health and safety committee.
Objectives and targets are also influenced by regulatory pressures. For example, the 
authorisation specifies a timetable for upgrading operations to utilising the BATNEEC by 
1996-97, including six monthly monitoring of particulate emissions (with emission limits set 
to fall from 120 mg/m3 to 100 mg/m3 for all three stacks), among other requirements.
APD10.2.2.4 Environmental Management Programmes
A  number of programmes are in place at Micro Milling to achieve the objectives and targets, 
such as energy consumption reduction programmes, improved house-keeping practices on the 
site, dust monitoring of the working environment, and a proposal to develop a noise contour 
map for the site. Roles, responsibilities and time frames for meeting specific targets are set 
and agreed through management meetings, which are minuted and documented.
APD10.2.3 Implementation and Operation 
APD10.2.3.1 Structure and Responsibility
Individual roles and responsibilities are determined through the employee appraisal system. 
Ultimate responsibility for environmental issues at Micro Milling rests with Mr. Paul Murray, 
the managing director of Micro Milling. Operational responsibility for environmental issues is 
assigned to Mr. James Smale, the works manager.
Should a formal environmental management system be adopted it would be likely that either 
Mr. Smale or Mr. Ray, the production manager for Micro Milling, would assume 
responsibility for:
Ensuring that the environmental management system requirements are established, 
implemented and maintained for Micro Milling and
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Reporting on the performance of the environmental management system to top management 
for review and as a basis for improvement of the environmental management system for 
Micro Milling.
APD10.2.3.2 Training, Awareness and Competence 
The recent audit by ERM reported that,
“Safety training occurs on an infrequent, sporadic basis. The last course run for all employees 
was in May 1992. All personnel will attend a refresher course in 1996. Employees are 
reported to be given on the job training, but there is no documented record of what training 
has been done and what the training comprised. Members of the health and safety committee 
do not attend training courses on a regular basis and it is not clear to the auditors how the 
health and safety committee keeps up to date with forthcoming legislation (e.g. Health & 
Safety (display screen equipment) Regulations 1992).”
It is understood that Micro Milling is taking steps to address this issue. Under ISO 14001 
Micro Milling would need to implement training programmes to ensure that all employees at 
relevant function levels within the organisation are aware of the importance of the 
environmental policy and the importance of operating procedures, the significant impacts and 
potential impacts of their work activities upon the environment and the benefits of improved 
performance and their roles and responsibilities in the management of environmental issues 
(including the requirements of the management systems and procedures and including their 
responsibilities during emergency response situations).
APD10.2.3.3 Communication
Internal communication systems at Micro Milling are in place. Environment, health and 
safety walks and tours, which occur on a fortnightly basis, should present operators with an 
opportunity to discuss concerns and issues with supervisors and the relevant management 
representatives. However, these tours must be documented if they are to be useful as a means 
for setting and reviewing objectives and targets. Management meetings will provide a means 
of internal communication of progress and issues, as will quarterly health and safety 
committee meetings, provided that the scope of this committee is broadened to include 
environmental issues.
The formal roles for communicating with external parties were not discussed during the 
review meeting, although it is understood that in regard to communication during emergency 
situations roles and responsibilities are clearly defined in the emergency plan.
APD10.2.3.4 Environmental Management System Documentation
At present there is no formal environmental management system in operation in Micro 
Milling. As such there are no documents to describe the requirements of the management
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system and their interaction specifically, nor are there documents to provide direction to 
documentation related to the environmental management system.
APD10.2.3.5 Document Control
Under ISO 14001 Micro Milling would need to have in place procedures for controlling all 
documents required for the management system to ensure that they can be located, are 
periodically reviewed and revised as necessary, that current versions of relevant documents 
are available at all locations where they are needed for the effective functioning of the 
system, that obsolete documents are either removed from points of issue and points of use or 
assured against unintentional use, and that any obsolete documents retained for legal and or 
knowledge preservation purposes are suitably identified. The recent audit by ERM suggests 
that some aspects of document control, such as waste management documentation, may need 
to be examined closely to ensure that the necessary document control systems are in place.
APD10.2.3.6 Operational Control
Under ISO 14001 organisations must;
“Identify those operations and activities that are associated with the identified significant 
environmental aspects, in line with its policy, objectives and targets. The organisation shall 
plan these activities, including maintenance, in order to ensure that they are carried out under 
specified conditions by:
1. Establishing and maintaining documented procedures to cover situations where their 
absence could lead to deviations from the environmental policy and the objectives and 
targets,
2. Stipulating operating criteria in the procedures,
3. Establishing and maintaining procedures related to the significant environmental aspects 
of goods and services used by the organisation and communicating on of relevant 
procedures and requirements to suppliers and contractors.”
At the present time there are aspects of operational control at Micro Milling which will 
require attention in order to satisfy these requirements. Areas such as waste labelling and 
management, selection and control of subcontractors, health and safety control procedures, 
for example, are areas which would need attention under ISO 14001.
APD10.2.3.7 Emergency Preparedness and Response
Micro Milling has a fully developed emergency plan, with a recent audit by ERM 
commenting that,
“The site emergency plans reviewed are well developed and have a clear indication of who to 
contact in the event of an emergency and distinguishes between emergencies resulting from 
fire, flammable materials, pollution, product risks, computer risks, and neighbours”.
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APD10.2.4 Checking and Corrective Action 
APD10.2.4.1 Monitoring and Measurement
Micro Milling is currently in the process of preparing to move its manufacturing operations 
from Widnes to a new facility to be constructed near its distribution facility at Runcorn. 
During the review meeting the managing director of Micro Milling, Mr. Paul Murray, stated 
that he believed the move to Runcorn would present Micro Milling with the opportunity to 
design the monitoring systems necessary for effective operational and environmental control 
into the new facility from the outset. Thus, he expressed the intention to establish continuous 
monitoring for dust and particulates, for example, at the new plant.
Recent audits of the Widnes facility have highlighted the need to expand the current 
monitoring programme considerably, in areas such as occupational dust and noise monitoring, 
stack monitoring and logging, waste water monitoring, for example. All these monitoring 
programmes would need to be implemented to achieve compliance with the needs of an 
effective environmental management system.
APD10.2.4.2 Non Conformance and Corrective and Preventative Action
According to ISO 14001,
“The organisation shall establish and maintain procedures, define responsibility and authority, 
for handling and investigating non-conformance, taking action to mitigate the impacts caused 
by non-conformances and for initiating and completing corrective and corrective action.
Any corrective or preventative action taken to eliminate the causes of actual and potential 
non-conformances shall be appropriate to the magnitude of problems and commensurate with 
the environmental impact encountered.
The organisation shall implement and record any changes in the documented procedures 
resulting from the corrective and preventative action.”
The EHS audit is an important part of this process. If a formal environment management 
system is implemented, it is likely that either Mr. Smale or Mr. Ray would have operational 
responsibility for identifying and handling non-conformance relating to the environmental 
management procedures set out in the environmental management system.
APD10.2.4.3 Records
Under systems such as ISO 14001 an organisation would need a procedure for the 
identification, maintenance and disposition of environmental records. As outlined in Section 
APD10.2.3.5 there are areas relating to record keeping and record management at Micro
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Milling which may need attention, such as training records, monitoring data records, for 
example.
APD10.2.4.4 Environmental Management System Audit
At present there is no formal environmental management system in operation at Micro 
Milling and as such there are no EMS audits.
An environment, health and safety audit was carried out in 1995 by Environmental Resources 
Management. The scope of this audit was limited to the following, as outlined in the Audit 
Report:
• To identify the past and current environmental, health and safety problems and potential 
liabilities associated with the site.
• To assess the facility operations in terms of compliance with local and national laws on 
environmental health and safety issues.
• To highlight both strengths and weaknesses and make recommendations for improvement.
The audit protocol for Micro Milling covered:
1. Air emissions
2. Wastewater
3. Hazardous wastes management
4. Other wastes management
5. Spill prevention and control
6. Bulk storage tanks
7. Water supply
8. PCB management
9. Asbestos management
10.Noise
11. Soil and groundwater contamination
12.Radioactive materials 
13.Other compliance issues
14.Health and safety
15.Personal protective equipment
16. Safety system and procedures
17. Training
18.Fire prevention
For the purposes of implementing and maintaining an effective environmental management 
system the environmental audit is an essential system component. Under such a formal 
system it is likely that the scope of environmental audits would need to be broadened beyond 
compliance issues to monitor progress towards specific environmental targets and objectives, 
building from a foundation of compliance with regulations as a minimum towards continuous 
improvement in performance.
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APD10.2.5 Management Review of the Environmental Management System
At present there is no formal environmental management system in operation at Micro 
Milling and as such there is no periodic review of the EMS specifically
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APD11. US Borax EMS Review
APD11.1 Background to Operations at US Borax
US Borax employs approximately 1,100 staff at three sites in California, USA. US Borax 
operates a mine and processing faciity at Boron, a processing and distribution facility at 
Wilmington, Los Angeles, and a technical and administration facility at Valencia, Los 
Angeles. The chairman of the board of US Borax is Mr. Ian White-Thomson, who is also 
chief executive of the Borax Group.
APD11.1.1 Boron Operations
The vice president responsible for Boron Operations is Mr. Preston Chiaro. Boron is the 
primary mining facility for the Borax Group, located in the Mojave Desert. Originally an 
undergound operation, mining is now conducted using open cast techniques. The two main 
industrial processes at Boron are the primary process; converting mined ore into borax 
decahydrate, borax pentahydrate, and anhydrous borax, and the boric acid production facility. 
Schemata of the two processing routes are included on the following two pages.
APD11.1.2 Wilmington
Mr Ray Shaw is the manager responsible for controlling Wilmington Operations. Wilmington 
carries out production of pharmaceutical and special quality grades of borax and boric acid, 
as well as a number of other products for agricultural, industrial and speciality applications. 
Wilmington is also a shipping and international distribution facility for the Borax Group. At 
Wilmington, US mined products destined for European, Middle Eastern and North African 
markets are loaded onto bulk carriers for transport to Europe.
APD11.1.3 Valencia
Valencia is the head office and technical centre for US Borax, with ultimate managerial 
responsibility for the site resting with Mr. Ian White-Thomson, the chief executive of the 
Borax Group. At Valencia there are research and development laboratories and an 
administration facility.
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Figure 1: Boron Primary Process
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Figure 2: Boric Acid Process
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APD11.2 Review of Environmental Management Systems
A review of the extent to which US Borax adopts practices and systems compatible with ISO 
14001, and a review of the views of the management from the sites on the future development 
of environmental management at US Borax was carried out over five days, 12th to 17th 
August 1996. The first part of the week was spent at Boron Operations where environmental 
issues were discussed with the environmental team, led by Mr. Gerry Pepper. Sadly Mr. 
Terry Cleveland, head of health and safety at Boron, was unavailable due to previous 
commitments. The second portion of the week was spent at Wilmington operations and 
shipping facility and at US Borax head office and laboratory at Valencia. Sadly Dr. Wayne 
Cooper, environment, health and safety co-ordinator at Wilmington was unavailable. Dr. 
Mark Reece, laboratory services manager at Valencia conducted affairs at Valencia. Mr. 
Peter Argust represented Borax Europe during the visit.
APD11.2.1 Environmental Policy
US Borax follows the Borax Group Environment, Health and Safety Policy, but at Boron 
Operations it also has a site specific environmental policy, included as Appendix 19 (see 
APD. 19). This policy is signed off by Mr. Preston Chiaro, Group Vice President for Boron 
Operations, dated January 2nd 1996, and was previously endorsed by Mr. Joe Carrabba, Mr. 
Chiaro’s predecessor at Boron. This policy provides a framework for action in environmental 
matters at Boron and also includes a commitment to compliance with the overall Group 
Policy and the RTZ Policy. The Boron Policy is on public view in the administration 
buildings across the site
APD11.2.2 Planning
APD11.2.2.1 Environmental Aspects
There are two mechanisms whereby US Borax identifies its significant environmental 
aspects. The first is through an auditing system which will identify any aspects of operations 
which are in breach of regulations. Any regulatory breach would be significant. This system 
will also identify areas for improvement beyond compliance where appropriate. There is also 
a specific product safety group which reviews manufacturers’ safety data sheets (MSDS) and 
product changes and interprets their significance. The second mechanism is through the staff 
and management meetings held at the sites where staff can communicate concerns to 
managers and these can be evaluated by the relevant environmental staff for their 
significance. It was reported that there is a very high level of awareness throughout the 
United States, and especially in California, concerning the environment and so, it was 
reported, staff do not hesitate to report concerns.
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APD11.2.2.2 Legal and Other Requirements
At the present time the regulatory position of the United States Government and the 
California Environmental Protection Agency (Cal. EPA) is extremely robust. The regulatory 
regime encountered at US Borax was more stringent than that encountered at any other Group 
company during the environmental review. Regulatory compliance is a high priority at US 
Borax towards which considerable effort is focused.
US Borax has access to the Morrison and Foster Environmental Group who update US Borax 
on legislation issues of interest and whom US Borax can ask for advice. All copies of relevant 
legislation are maintained at Boron and at Valencia. These are living documents; federal 
lobbyists in Sacramento update US Borax of changes coming through the California 
legislative process. US Borax also have access, through CD-ROM, to legislation and changes, 
and have access to public workshops which are held in California if any legislation change is 
proposed.
Regarding other commitments, US Borax is eliminating its contacts with Chemical 
Manufacturers Associations, choosing to align itself more closely with the mining industry. 
US Borax has representation on the National Mining Association, the Californian Mining 
Association, the Californian Manufacturers Association, the Women in Mining Association, 
among others. These systems give another mechanism whereby US Borax can remain abreast 
of existing legislation and forthcoming changes.
APD11.2.2.3 Objectives and Targets
The environmental affairs team set targets on an annual basis which go into a documented 
business plan. These targets are then submitted to the vice president for legal, regulatory and 
environmental affairs who then submits them to the company board of directors. These 
targets are quantified wherever possible and take account of the views of interested parties 
wherever applicable. Weekly meetings are held by the environmental department at Boron to 
review progress towards meeting these targets.
APD11.2.2.4 Environmental Management Programmes
The targets included in the business plan specify the time-frame for achieving the desired 
outcomes. US Borax has a number of environmental programmes in place. Progress is 
reviewed weekly and the environmental affairs manager submits a monthly corporate report 
on progress.
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APD11.2.3 Implementation and Operation 
APD11.2.3.1 Structure and Responsibility
Roles, responsibility and authorities are clearly defined, documented and communicated at 
US Borax. Overall responsibility for environmental affairs for the RTZ Borax Group rests 
with Larry Bellotti, the senior vice president for operations. A group memorandum, issued by 
the chief executive and deputy chief executive on August 1st 1995, explains that Maureen 
Lennon is responsible for oversight of environmental affairs for US Borax. This is included 
as Appendix 15 (see APD. 15). At each operating location the most senior manager is 
ultimately responsible for environment, health and safety issues at their site. Preston Chiaro is 
responsible for Boron, Roy Shaw, as general manager, is responsible for Wilmington, and 
Dave Wheeler, as assistant to the senior vice president for operations, is responsible for 
Valencia.
Functional responsibility for safety at Valencia rests with Mark Ellis for the administration 
tower and Mark Reece for the laboratories. Wayne Cooper has functional responsibility for 
environmental issues at Wilmington, while Wayne Donar is responsible for health and safety, 
supported by Mike Mayes, the safety and training supervisor. At Boron operations Terry 
Cleveland is responsible for health and safety, supported by Jill Albert, Wes Ing, Cheryl 
Jungers, Dave Leach, Rick Malone, Gary Miller, Felicia Nolan, Rita Patterson, and Mickey 
Rice, and Gerry Pepper is responsible for environmental affairs, supported by Art 
Beckerman, Dara English, Mike Kirby, Dave Parker and Joe Siefke.
An organisation chart, issued on the 1st April 1996 outlines specific operational 
responsibilities within the team. For example, at Boron Art Beckerman is responsible for 
water quality, Mike Kirby is responsible for air quality, Dave Parker and Dara English are 
responsible for hazardous materials and hazardous waste, and Joe Siefke is responsible for 
land reclamation and solid waste. The existence of this group demonstrates that resources are 
committed to the management of environmental issues at US Borax. Training systems and 
budgeting systems are in place.
An example of how these responsibilities are reconciled and disseminated was given by Dave 
Parker, who explained that in the case of hazardous waste, an eleven page operational 
procedure exists, which outlined the responsibilities of the environmental department, the 
safety department, and the generators of the waste in disposing of hazardous waste. This 
procedure is disseminated throughout the plant and new employees are trained in this area as 
part of their induction.
Should a formal environmental management system be adopted by US Borax, a decision will 
need to be made regarding who will assume responsibility for:
1. Ensuring that the environmental management system requirements are established, 
implemented and maintained for US Borax and
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2. Reporting on the performance of the environmental management system to top 
management for review and as a basis for improvement of the environmental management 
system for US Borax.
APD11.2.3.2 Training, Awareness and Competence
It is a legal requirement in California that there is 8 hours training per employee per year. As 
such the training programmes at US Borax are comprehensive and well established. All 
personnel must be trained in the site safety systems before they are allowed to carry out any 
work on the site. These include site-specific hazard recognition safety rules, accident & 
emergency procedures, first aid facilities, emergency numbers and alarms, hazard 
communication programme, a welding and cutting permit procedure, and a confined space 
entry procedure. This is provided to all personnel working on the site, whether employees of 
US Borax, visitors, or contractors, and the recipients of this training must sign and date a slip 
for documentation purposes.
There is a training programme in place for the environmental department, and a programme 
for training supervisors and management in environmental education is under development. 
Each week at Boron a staff meeting is held attended by representatives of all operating areas 
and departments. Each representative is required to report back to his group. Included in the 
meetings are safety talks every week and there is quality and safety training every two 
months. All training is fully documented. A similar situation exists at Valencia where Mark 
Reece maintains all training records for laboratory staff at the facility to a high standard.
US Borax insist to contractors that it is mandatory that a record of all required safety training 
be kept on file at the work site. These files are subject to audit by the US Borax safety 
department. Any person found not to be in compliance will be immediately escorted off the 
property and not allowed to return without verification of having completed the needed 
training. All contractors must sign off that they have received these instructions.
APD11.2.3.3 Communication
Comprehensive internal communication systems are in place at US Borax, with both informal 
and formal systems established. Tours of the site give the opportunity for staff to raise issues 
with supervisors and management, as do the weekly staff meetings. A legal requirement is 
that all employers must give their employees some form of safety meeting at least once a 
week, with documentation, including topics discussed and all employee signatures, kept on 
file on site. Within the environment group at Boron weekly review meetings take place. The 
manager of environmental affairs, Gerry Pepper, produces a corporate report on a monthly 
basis, and the business plan is reviewed on an annual basis. US Borax has procedures for 
handling external communication.
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APD11.2.3.4 Environmental Management System Documentation
At present there is no formal environmental management system in operation in US Borax. 
As such there are no documents to describe the requirements of the management system and 
their interaction, nor are there documents to provide direction to documentation related to the 
environmental management system specifically. The view was expressed clearly during 
meetings at US Borax that this action could be carried out should the decision be made to 
pursue a formal environmental management system.
APD11.2.3.5 Document Control
The standard of document control for environmental, health and safety related matters at US 
Borax was extremely high. At the Valencia laboratory all aspects of the health and safety 
system, including locations of safety equipment, fire fighting appliances, ventilation system 
schematics, training records, internal audits, the chemical hygiene plan, etc., were all fully 
documented and filed by Mark Reece, the laboratory services manager. At Boron document 
control is also of a high standard with each aspect of environmental matters fully documented 
by the member of the environmental team responsible.
APD11.2.3.6 Operational Control
Under ISO 14001 organisations must;
“Identify those operations and activities that are associated with the identified significant 
environmental aspects, in line with its policy, objectives and targets. The organisation shall 
plan these activities, including maintenance, in order to ensure that they are carried out under 
specified conditions by:
1. Establishing and maintaining documented procedures to cover situations where their 
absence could lead to deviations from the environmental policy and the objectives and 
targets,
2. Stipulating operating criteria in the procedures,
3. Establishing and maintaining procedures related to the significant environmental aspects 
of goods and services used by the organisation and communicating on of relevant 
procedures and requirements to suppliers and contractors.”
During the review the view was expressed at Boron that while operational control procedures 
exist in many areas, they do not exist for all, and that documented procedures would assist the 
management of environmental issues at Boron.
Regarding communication with suppliers, examples were discussed regarding efforts to 
encourage suppliers of tyres to recycle discarded tyres rather than landfill them, or to 
persuade suppliers of pallets to take used pallets back.
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APD1L2.3.7 Emergency Preparedness and Response 
US Borax has a comprehensive emergency response programme.
APD11.2.4 Checking and Corrective Action 
APD11.2.4.1 Monitoring and Measurement
An extensive monitoring and measurement programme is in place for the US Borax 
Operations. It was reported that US Borax went beyond legislative requirements. Wilmington 
and Boron monitor air for both stationary and fugitive suspended particulates, for respirable 
particulates. Wilmington also measures for zinc, arsenic and nitrous oxides, while Boron 
monitors reactive organic gases.
Both Boron and Wilmington monitor water volumes consumed for drinking and process. 
Regarding contaminants in discharge water, all Boron process water goes to the solar ponds, 
Wilmington however has data for suspended solids and contaminants such as zinc, arsenic 
and lead.
Boron monitors its waste to quantify spent oils and grease, oversize and passenger tyres, oil 
contaminated soil and debris, spent solvents, paints and paint sludge, spent anti-freeze, 
solvent contaminated rags, spent aerosol cans, laboratory packaging materials, scrap metals, 
pallets, cardboard, empty drums, lead-acid batteries, spent oil filters, white paper, conveyor 
belts, aluminium cans and shop towels, while Wilmington quantifies its industrial and 
hazardous wastes. Energy consumption and accident incident rates are also monitored at all 
US Borax facilities.
APD11.2.4.2 Non-Conformance and Corrective and Preventative Action
According to ISO 14001,
“The organisation shall establish and maintain procedures, define responsibility and authority, 
for handling and investigating non-conformance, taking action to mitigate the impacts caused 
by non-conformances and for initiating and completing corrective and corrective action.
Any corrective or preventative action taken to eliminate the causes of actual and potential 
non-conformances shall be appropriate to the magnitude of problems and commensurate with 
the environmental impact encountered.
The organisation shall implement and record any changes in the documented procedures 
resulting from the corrective and preventative action.”
Regulatory agencies provide US Borax with requirements for dealing with non­
conformances. Documented field tours take place to monitor procedures and systems, such as
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hazardous waste management. Administrations such as Cal. EPA have provided feedback to 
ensure that the correct method of source testing is used at the Boric Acid Plant at Boron for 
example.
APD11.2.4.3 Records
Under systems such as ISO 14001 an organisation would need a procedure for the 
identification, maintenance and disposition of environmental records. As outlined in Section 
APD11.2.3.5, the standard of record keeping and record management at US Borax is very 
high. Training records are comprehensively covered, audits and review documentation is 
filed, environmental records such as Boric Acid source testing are either maintained at US 
Borax or are submitted to the relevant regulatory body.
APD11.2.4.4 Environmental Management System Audit
At the present time there is no formal environmental management system in operation at US 
Borax and as such there are no audits of an EMS specifically.
However, an audit program is in place for the whole of the US Borax operation, a copy of 
which is included as Appendix 17 (see APD.17). This document covers the purpose of the 
environmental, health and safety audit program, the audit strategy, including when corporate 
management will convene to develop the strategy, the scope of the audits, audit team 
selection, audit schedule, an audit work-plan and how action plans arising from the audits 
should be implemented. A program schedule indicates the frequency of audits to be carried 
out at each location regarding environment, health and safety.
The scope of the audit program at US Borax includes investigation of both compliance and 
management systems for:
1. Air pollution control
2. Water pollution control
3. Solid waste management
4. Hazardous waste management
5. Emergency response planning
6. Mine reclamation and land use
7. Endangered species
8. Company policies
9. Environmental department procedures
10. Storm water pollution prevention 
11 .Effluent discharge controls
12. Accident investigation
13.Blood-borne pathogens
14.Confined space entry
15.Contractor safety
16.Exposure characterisation
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17.Fire prevention, suppression and protection
18.Material handling equipment
19.First aid
20.Means of egress
21. Hazard communication
22.Medical services
23.Hearing conservation
24.Personal protective equipment 
25.Illness and injury reporting 
26.Respiratory protection
27.Ionising radiation
28.Walking and working surfaces
29. Lockout / tagout
30. Welding and brazing
Copies of the audit work-plans for Boron and for Wilmington were reviewed and were found 
to be comprehensive and provided clear instructions to the audit team.
APD11.2.5 Management Review
At the present time there is no formal environmental management system in operation at US 
Borax and as such there is no periodic review of the EMS specifically.
However, submissions must be made at a corporate level on amonthly basis and top 
management review the business strategy, including environmental targets and objectives, on 
an annual basis. Environmental, health and safety management meet on an annual basis to 
review audit strategy also.
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APD12. Borax Environment, Health and Safety Policy
Issued: December 14,1990 Revised: August 1.1995
Borax's aim is to act responsibly as the steward of the resources in its charge, working for the 
well being of the communities where they are found, adopting best contemporary practices in 
environmental matters, and seeking health and safety performance second to none in mining.
It is the policy of Borax that all operations and activities of the company be conducted in 
strict accordance with sound environmental, health and safety ("EHS") practices. At a 
minimum, all operations will be conducted in compliance with laws and regulations related to 
environmental quality, public and employee health and safety. In addition, Borax is 
committed to build from this foundation of compliance with the aim of continuously 
improving performance and it will provide the necessary resources to meet these objectives.
Borax commits to the following:
• Borax will maintain management programs to ensure proper and consistent 
implementation of this EHS policy and integrate them into our long-term strategy,
• Borax will set objectives to promote improvements in EHS practice and performance and 
implement appropriate systems for measuring progress in meeting these objectives;
• Borax will heighten and maintain awareness of and sensitivity to environmental, health 
and safety issues among employees through an ongoing internal communication and 
training program. Employees will be encouraged to report concerns or incidents of non- 
compliance without fear of jeopardising their employment.
• Borax will maintain a crisis management plan for each location and will test the plan 
periodically and update it, as necessary. Crisis management plans relating to operating 
plants will anticipate emergencies involving accidental releases, spills, worker injury and 
community risk.
• Borax will conduct regular audits to evaluate compliance with EHS laws, the effectiveness 
of EHS management systems, and to verify that this policy is being fully implemented.
• Borax will make environmental control, waste minimisation, and health and safety 
considerations components of all planning. Borax will identify costs associated with 
present and future environmental operating.
• Borax will maintain a plan for the eventual closure of its operating sites that will include 
management of environmental and social impacts and estimates of closure and reclamation 
costs and financial provisions.
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• Borax will minimise pollution in air, water and soil through technical innovation, 
employee involvement and the pursuit of source-control technology, while encouraging 
energy and water conservation measures.
• Borax will operate a product stewardship program in co-operation with its customers and 
will make health, safety and environmental considerations a priority in the planning for all 
existing and new products and processes.
• Borax will inform and, as appropriate, instruct employees, surrounding communities, 
customers, carriers, contractors and government agencies on the health and environmental 
profile of the products it produces, uses, transports or sells and on Borax's EHS policy. 
The company will be available, receptive and responsive to community concerns on 
environmental issues.
• Borax will conduct regular evaluations of EHS risks associated with our products and 
operations and take appropriate action to eliminate or minimise potential risks.
• Borax will assess the potential impacts of its exploration programs and implement 
appropriate action to minimise adverse impacts.
• Borax will require all contractors working for the company to implement practices that are 
consistent with this EHS policy.
• Borax will work with governmental bodies and agencies at all levels in developing 
responsible laws, regulations and standards to protect workers, surrounding communities 
and the environment.
• Borax will report annually to the RTZ Borax and Minerals Board of Directors and through 
them, to the parent company on performance, progress on objectives, audit results, risk 
evaluations, financial implications, official action by local authorities, communications 
programs and any significant incidents relating to Borax's EHS policy.
It is the personal responsibility of each Borax employee to perform work assignments in 
accordance with sound environmental, health and safety practices and to perform each job in 
compliance with established rules, regulations, and standards to produce quality products 
safely and efficiently. The success of our EHS program depends on a personal commitment 
by all employees.
I. L. White-Thomson 
President and CEO
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APD13. RTZ -  CRA Health, Safety And Environment Policy
RTZ-CRA recognises that excellence in managing health, safety and environmental 
responsibilities is essential to long term success. Through effective management practices the 
Group aims to ensure the health and safety of its employees, to minimise any adverse impacts 
its activities may have on the environment and to make a positive contribution to local 
community life.
To achieve these objectives the RTZ-CRA Group will:
• build from a foundation of compliance with applicable HSE laws, regulations and 
voluntary commitments;
• seek continuing improvement through setting and reviewing targets, assessing and 
reporting HSE performance, and using best available practices appropriate to the local 
situation;
• contribute to the development of sound legislation and regulations; and
• foster a better understanding of HSE issues pertinent to its activities.
This policy applies to all RTZ-CRA subsidiary companies. Each of these subsidiarieshas the 
responsibility for the conduct of its HSE affairs. They are required to develop and implement 
their own HSE policies and programmes appropriate to their activities and consistent with this 
policy. Each company is to designate a senior executive for overall management and 
supervision of HSE matters.
This policy shall be communicated to all RTZ-CRA Group employees and be made available 
to the public. Associate companies, where RTZ-CRA does not have operating responsibility, 
will be encouraged to adopt HSE policies and practices of their own which are consistent with 
this policy.
The Environmental and Community Relations Committee of the RTZ-CRA boards of 
directors will ensure that this policy is given effect throughout the Group and periodically will 
review the policy to ensure that it remains appropriate to the Group's activities.
To give effect to the RTZ-CRA HSE policy, all subsidiaries must meet the following 
minimum requirements:
• ensure that HSE matters are an integral part of long term strategy;
• establish programmes and procedures to ensure proper and consistent implementation of 
their HSE policies;
• assess in advance the potential HSE implications of exploration, development, expansion, 
acquisition, divestment, and closure activities and implement actions to minimise adverse 
social and environmental impacts;
• provide for HSE related operating, reclamation, and closure costs in preparing investment 
proposals, annual plans, and accounts;
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ensure efficient use of energy, water and other materials and pursue implementation of 
pollution prevention programmes;
conduct regular audits to evaluate compliance with HSE laws and company HSE policies;
evaluate HSE risks associated with their activities and products and take appropriate action 
to minimise potential risks;
prepare, test and maintain emergency procedures in co-operation with local emergency 
response authorities;
prepare and maintain a plan for the eventual closure of each operation including: 
management of social and environmental impacts, estimates of closure costs and financial 
provisions, and consultation and co-operation with local communities;
ensure that everyone in the company is aware of and integrates HSE considerations in 
their day-to-day activities;
encourage consultation, particularly with employees and local communities, listen and 
respond to concerns presented, and contribute to public education programmes on relevant 
HSE matters;
require all contractors to implement practices that are consistent with the company's HSE 
policy;
research processes, practices, and technologies that will lead to improved HSE 
performance; and
report regularly to their boards of directors, and through those boards to RTZ-CRA, on 
progress in HSE performance and other significant matters relating to their company's 
HSE policy.
Appendix 13 - RTZ-CRA Health, Safety and Environment Policy
APD13. 2
Engineering Doctorate in Environmental Technology. Sustainable Development and the Global Mining Industry
P.W. Argust, Rio Tinto /  Borax
APD14. Rio Declaration On Environment And Development
The United Nations Conference on Environment and Development, having met at Rio de 
Janeiro from 3 to 14 June 1992, reaffirming the Declaration of the United Nations Conference 
on the Human Environment, adopted at Stockholm on 16 June 1972, and seeking to build 
upon it, with the goal of establishing a new and equitable global partnership through the 
creation of new levels of co-operation among States, key sectors of societies and people, 
working towards international agreements which respect the interests of all and protect the 
integrity of the global environmental and developmental system, recognizing the integral and 
interdependent nature of the Earth, our home, proclaims that:
Principle 1
Human beings are at the centre of concerns for sustainable development. They are entitled to 
a healthy and productive life in harmony with nature.
Principle 2
States have, in accordance with the Charter of the United Nations and the principles of 
international law, the sovereign right to exploit their own resources pursuant to their own 
environmental and developmental policies, and the responsibility to ensure that activities 
within their jurisdiction or control do not cause damage to the environment of other States or 
of areas beyond the limits of national jurisdiction.
Principle 3
The right to development must be fulfilled so as to equitably meet developmental and 
environmental needs of present and future generations.
Principle 4
In order to achieve sustainable development, environmental protection shall constitute an 
integral part of the development process and cannot be considered in isolation from it.
Principle 5
All States and all people shall co-operate in the essential task of eradicating poverty as an 
indispensable requirement for sustainable development, in order to decrease the disparities in 
standards of living and better meet the needs of the majority of the people of the world.
Principle 6
The special situation and needs of developing countries, particularly the least developed and 
those most environmentally vulnerable, shall be given special priority. International actions in 
the field of environment and development should also address the interests and needs of all 
countries.
Principle 7
States shall co-operate in a spirit of global partnership to conserve, protect and restore the 
health and integrity of the Earth's ecosystem. In view of the different contributions to global
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environmental degradation, States have common but differentiated responsibilities. The 
developed countries acknowledge the responsibility that they bear in the international pursuit 
to sustainable development in view of the pressures their societies place on the global 
environment and of the technologies and financial resources they command.
Principle 8
To achieve sustainable development and a higher quality of life for all people, States should 
reduce and eliminate unsustainable patterns of production and consumption and promote 
appropriate demographic policies.
Principle 9
States should co-operate to strengthen endogenous capacity-building for sustainable 
development by improving scientific understanding through exchanges of scientific and 
technological knowledge, and by enhancing the development, adaptation, diffusion and 
transfer of technologies, including new and innovative technologies.
Principle 10
Environmental issues are best handled with participation of all concerned citizens, at the 
relevant level. At the national level, each individual shall have appropriate access to 
information concerning the environment that is held by public authorities, including 
information on hazardous materials and activities in their communities, and the opportunity to 
participate in decision-making processes. States shall facilitate and encourage public 
awareness and participation by making information widely available. Effective access to 
judicial and administrative proceedings, including redress and remedy, shall be provided.
Principle 11
States shall enact effective environmental legislation. Environmental standards, management 
objectives and priorities should reflect the environmental and development context to which 
they apply. Standards applied by some countries may be inappropriate and of unwarranted 
economic and social cost to other countries, in particular developing countries.
Principle 12
States should co-operate to promote a supportive and open international economic system that 
would lead to economic growth and sustainable development in all countries, to better address 
the problems of environmental degradation. Trade policy measures for environmental 
purposes should not constitute a means of arbitrary or unjustifiable discrimination or a 
disguised restriction on international trade. Unilateral actions to deal with environmental 
challenges outside the jurisdiction of the importing country should be avoided. Environmental 
measures addressing transboundary or global environmental problems should, as far as 
possible, be based on an international consensus.
Principle 13
States shall develop national law regarding liability and compensation for the victims of 
pollution and other environmental damage. States shall also co-operate in an expeditious and 
more determined manner to develop further international law regarding liability and
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compensation for adverse effects of environmental damage caused by activities within their 
jurisdiction or control to areas beyond their jurisdiction.
Principle 14
States should effectively co-operate to discourage or prevent the relocation and transfer to 
other States of any activities and substances that cause severe environmental degradation or 
are found to be harmful to human health.
Principle 15
In order to protect the environment, the precautionary approach shall be widely applied by 
States according to their capabilities. Where there are threats of serious or irreversible 
damage, lack of full scientific certainty shall not be used as a reason for postponing cost- 
effective measures to prevent environmental degradation.
Principle 16
National authorities should endeavour to promote the internalization of environmental costs 
and the use of economic instruments, taking into account the approach that the polluter 
should, in principle, bear the cost of pollution, with due regard to the public interest and 
without distorting international trade and investment.
Principle 17
Environmental impact assessment, as a national instrument, shall be undertaken for proposed 
activities that are likely to have a significant adverse impact on the environment and are 
subject to a decision of a competent national authority.
Principle 18
States shall immediately notify other States of any natural disasters or other emergencies that 
are likely to produce sudden harmful effects on the environment of those States. Every effort 
shall be made by the international community to help States so afflicted.
Principle 19
States shall provide prior and timely notification and relevant information to potentially 
affected States on activities that may have a significant adverse transboundary environmental 
effect and shall consult with those States at an early stage and in good faith.
Principle 20
Women have a vital role in environmental management and development. Their full 
participation is therefore essential to achieve sustainable development.
Principle 21
The creativity, ideals and courage of the youth of the world should be mobilized to forge a 
global partnership in order to achieve sustainable development and ensure a better future for 
all.
Principle 22
Indigenous people and their communities and other local communities have a vital role in 
environmental management and development because of their knowledge and traditional
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practices. States should recognize and duly support their identity, culture and interests and 
enable their effective participation in the achievement of sustainable development.
Principle 23
The environment and natural resources of people under oppression, domination and 
occupation shall be protected.
Principle 24
Warfare is inherently destructive of sustainable development. States shall therefore respect 
international law providing protection for the environment in times of armed conflict and co­
operate in its further development, as necessary.
Principle 25
Peace, development and environmental protection are interdependent and indivisible.
Principle 26
States shall resolve all their environmental disputes peacefully and by appropriate means in 
accordance with the Charter of the United Nations.
Principle 27
States and people shall co-operate in good faith and in a spirit of partnership in the fulfilment 
of the principles embodied in this Declaration and in the further development of international 
law in the field of sustainable development.
Appendix 14 -  Rio Declaration on Environment and Development 1992
APD14. 4
Engineering Doctorate in Environmental Technology. Sustainable Development and the Global Mining Industry
P.W. Argust, Rio Tinto /  Borax
APD15. RTZ Borax & Minerals Limited Group EHS 
Management Structure and Responsibilities
The following announcement is made by Ian White-Thomson, Chief Executive 
and Peter Edbrooke, Deputy Chief Executive:
Given the complexity of environmental, health and safety ("EHS") controls and the number of 
departments and individuals involved, it is important to clarify responsibilities to ensure 
implementation of all appropriate EHS procedures throughout Borax's operations. One 
requirement of the RTZ EHS policy is designation of a senior executive responsible for these 
matters at Board level. Larry Bellotti fills this role for Borax on the RTZ Borax and 
Minerals Board.
To streamline reporting to the RTZ Borax and Minerals Board, oversight responsibility for 
EHS matters is assigned to Maureen Lennon (North America) and Jonathan Rainer 
(outside North America). In turn, Jonathan and Maureen are responsible on a "dotted line" 
basis to Larry Bellotti for management of these issues. It is important to understand that the 
clarification of these oversight functions for EHS matters in no way affects the existing 
reporting relationships or functional responsibility of operations managers. For example, 
Preston Chiaro, Roy Shaw and Dave Wheeler continue to report functionally to Larry 
Bellotti, while Hans Sjouke, Emile Gonez and other operations managers will be reporting to 
Joe Carrabba, effective October 1, as planned.
To reiterate, responsibility for compliance with regional, country or local EHS laws and 
regulations is and must always reside with line operating management. Jonathan and 
Maureen and their respective teams provide expert consultation, guidance and oversight to the 
operations and senior management on these matters. Likewise, Jonathan and Maureen will 
continue jointly to manage on a global basis the product safety challenges facing Borax.
August 1, 1995
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APD16. RTZ-CRA HSE Review Process 
APD16.1 Overview
RTZ's HSE review process has provided an effective mechanism for identifying issues of 
consequence to the Group and assisted in raising the level of understanding and dialogue 
between the corporate Centre and the Group companies1. The completion of the first round of 
reviews provides an opportunity to re-focus the review process to take account of recent HSE 
management programme developments, in particular that of HSE auditing by managed 
companies.
The managed companies' audit programmes are a tool for monitoring and improving HSE 
performance and will address four objectives:
• determine compliance with applicable laws and regulations;
• determine compliance with that company's and RTZ's HSE policies;
• evaluate the effectiveness of HSE management and control systems; and
• evaluate HSE performance.
The audit programme will be implemented at the company level and will provide a direct 
measure of the effectiveness of everyday environmental management. This reduces the need 
for the corporate Centre to focus on everyday management. Instead, the corporate centre's 
HSE review process will concentrate on significant longer term issues and strategies for 
managing them, improving the dialogue with Group companies, increasing the transfer of 
HSE experience, practices and technology throughout the Group, and in the longer term 
providing assurance to the corporate Centre that HSE performance is as it is said to be. The 
reviews will build on knowledge acquired from previous HSE reviews, the HSE sections of 
Technical Reviews, and locally based auditing activities. Following is the approach for the 
corporate centre's HSE review process.
APD16.2 Purpose
The purposes of the HSE review process are to:
• provide a structure for formal discussion of significant HSE issues relating to the operation 
under review;
• promote the transfer of best HSE practices throughout the Group;
• provide the corporate Centre with an assessment of HSE performance that is independent 
of the operation under review and thereby facilitate the Group assessment.
1 For purposes of this document RTZ Group companies include managed and non-managed 
operations
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APD16.3 Process For Reviews
• Generally, each Group company will be reviewed every four years. New projects and 
exploration will be reviewed as appropriate.
• Each year a schedule for the review process will be established, together with a conceptual 
plan for the following year. The Head of Group Technical Services will submit the 
proposed schedule to the CEC for review . The schedule will be developed after the Group 
companies' annual planning process. This will allow new projects, expansions, HSE 
targets, and other issues and activities identified by Group companies to be considered in 
setting priorities for the review process.
• Scheduling of reviews will take into account the following criteria: the status of current 
known HSE risks/issues and the Group company's plans for managing them; the status of a 
company's HSE management systems (HSEMS) and performance; significant internal or 
external developments; and the date and results of the last review.
• Reviews will focus on specific issues and will take into account the nature of the activities 
at a particular company as well as the extent to which the company has developed and 
integrated its HSEMS. The scope and resources for each review will be agreed with the 
company's management and the relevant RTZ director prior to commencement.
• A summary report will be submitted to the relevant RTZ director after discussion as to its 
content with the Group company's management. At his discretion, the relevant RTZ 
director will advise the CEC of any issues arising.
• Based on the results of the review, each report will include a recommendation for 
scheduling of the next HSE review along the following lines:
• Where HSEMS are well developed and there are no significant issues, next review 
- 4 years;
• Where specific issues need monitoring - recommend what, when and how 
monitoring should occur;
• Where there are a number of significant issues or the HSEMS are not sufficiently 
developed, next review - 1 to 2 years depending on nature and number of issues 
and HSEMS plans in progress.
• A confidential database of relevant HSE information about the Group companies will be 
established and maintained (a) for use in subsequent reviews, (b) to meet RTZ's internal 
and external reporting requirements as they develop, and (c) to support any due diligence 
efforts.
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APD16.4 Resources
HSE reviews will be organised by RTZ's HSE and Risk Management Department using 
internal resources or where appropriate other specialists from RTZ TSL and Group 
companies. It is envisaged that the focused nature of reviews will demand at most 2 people 
per review.
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APD17. US Borax EHS Audit Program 
APD17.1 Purpose
The U.S. Borax environmental, health & safety audit program provides verification and 
assurance to management that:
• Operations are in compliance with applicable environmental laws and regulations.
• Operations are in compliance with all permit requirements.
• Operations are in compliance with corporate policies and procedures.
• Appropriate systems are in place to affect continued compliance.
APD17.2 Audit Strategy
Environmental and Health & Safety corporate management personnel shall convene to 
develop an audit strategy on an annual basis. The strategy consists of setting the scope for the 
audit, selecting an audit team, developing a schedule for the physical auditing activities and 
developing an audit work-plan.
APD17.2.1 Audit Scope
This initial step identifies which operations are to audited, what functional areas will be 
included and what the final audit product is to consist of. The audit will address management 
systems and compliance in all or some of the following categories:
APD 17.2.1.1 Environmental
• Air Pollution Control
• Water Pollution Control
• Solid Waste Management
• Hazardous Waste Management
• Emergency Response Planning
• Mine Reclamation & Land Use
• Endangered Species
• Company policies
• Environmental Department procedures
• Storm Water Pollution Prevention
• Effluent discharge controls
APD17.2.1.2 Health & Safety:
• Accident Investigation
• Blood-borne Pathogens
• Confined Space Entry
• Contractor Safety
• Emergency Planning and Response
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• Exposure Characterisation
• Fire Prevention and Emergency Action Plans
• Fire Suppression and Protection
• Material Handling Equipment
• First Aid
• Means of Egress
• Hazard Communication
• Medical Services
• Hearing Conservation
• Personal Protective Equipment
• Illness and Injury Reporting
• Respiratory Protection
• Ionising Radiation
• Walking and Working Surfaces
• Lockout/Tagout
• Welding and Brazing
APD17.2.2 Audit Team Selection
Once the audit scope is finalised an audit team is selected. The make-up of the audit team is 
dependent upon the specifics of the audit scope.
• In-house overview - small scope
The team can consist of company personnel from any of the facility locations.
• Detailed complete audit - large scope
The team will consist of company personnel from outside the site to be audited, 
supplemented as necessary with personnel from other RTZ facilities and/or 
consultants.
APD17.2.3 Audit Schedule
The audit schedule is dependent upon the audit scope. The audit should be scheduled a 
minimum of 4 weeks in advance to insure availability of personnel, allow for preparation of 
pre-audit materials and arrange for the compilation of documents to be reviewed during the 
audit.
• Small scope allow 2 days preparation time and 2 days on-site.
• Large scope allow 3-5 days preparation time and 3-5 days on-site (time dependent upon 
large or small plant size)
APD17.2.4 Audit Work-plan
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APD17.2.4.1 Pre-audit activities
• Prepare a schedule for the audit
• Plant management is notified of the pending audit.
• Provide team with background information on facility
• Prepare list of documents, drawings and other information required for review. Where 
copies are appropriate send to team for review prior to onsite inspection.
• Request conference room at site with documents available for review.
• Arrange logistics for lodging, transportation, copying, etc.
APD 17.2.4.2 Onsite audit activities -
• Kick-off meeting - prior to any onsite activities a kick-off meeting will be held to 
introduce the auditors to site staff, describe the scope of the audit, review the schedule 
answer any questions plant may have and to provide a safety review with the auditors.
• Physical survey - each auditor shall make a physical survey of the facility, accompanied 
by plant personnel as appropriate.
• Administrative, technical and operating records and permits shall be reviewed
• Interviews and discussions with key facility management, staff and operating personnel 
shall be conducted.
• Procedures shall be reviewed that are relevant to the facilities ability to adhere to 
environmental laws, regulations and company policies.
• A meeting will be held with the team by the audit co-ordinator at the end of each day to 
review the days findings. Legal staff shall be available by phone to respond to any 
questions from the team.
• Close-out meeting - A close-out meeting shall be conducted with plant management and 
staff to review the preliminary audit findings prior to the audit team leaving the site.
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APD17.3 Findings
As soon as possible after completion of the on-site audit and review of all 
pertinent records the audit team should prepare their formal report.
• Regulatory issues - any potential violations of laws or regulations shall be listed first
• Company policy - deficiencies in addressing company policy shall be listed second
• Best management practices - recommendations for improvement in practices, systems or 
procedures shall be listed third.
• A draft of the audit report should be reviewed with facility personnel, as appropriate, for 
accuracy of information.
APD17.4 Action Plan
An action plan to resolve all deficiencies shall be prepared by plant and environmental affairs 
personnel. The action plan will then be reviewed and approved by plant management.
• Corrective actions should begin immediately
• Findings related to regulatory issues should be resolved within three months
• All findings are to be resolved within one year
• Environmental affairs management shall review action plan progress monthly 
APD17.5 Final Report
A final report from the Environmental Affairs Manager to management shall be
issued upon completion of the audit and after all corrective action relating to regulatory issues
has been completed.
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APD17.6 Program Schedule
A tentative program schedule is described below. Note that this schedule will be reviewed 
each year to determine the extent of that years audit scope based on the managers knowledge 
of the facility and where to allocate audit resources.
APD17.6.1 Boron
APD 17.6.1.1 Environmental
Year 1 - Full audit
Year 2 - Hazardous Waste - Emergency Response - Company policies 
Year 3 - Air Pollution Control - Solid Waste - Dept, procedures 
Year 4 - Water Pollution Control - Reclamation - Endangered Species
APD 17.6.1.2 Health & Safety 
Year 1 - Full audit 
Year 2 - Selected areas 
Year 3- Selected areas 
Year 4 - Selected Areas
APD17.6.2 Wilmington
APD 17.6.2.1 Environmental 
Year 1 - Full Audit
Year 2 - Hazardous Waste - Emergency Response - Company Policies 
Year 3 - Air Pollution Control - Solid Waste - Dept. Procedures 
Year 4 - Storm Water - Effluent Discharge Control
APD 17.6.2.2 Health & Safety 
Year 1 - Full Audit 
Year 2 - Full Audit 
Year 3 - Selected Areas 
Year 4 - Selected Areas
APD17.6.3 Valencia
APD 17.6.3.1 Environmental. Health & Safety
Year 1 - Full audit 
Year 2 & 3 - Internal review
Appendix 17 - US Borax Environmental, Health and Safety Audit Program
APD 17. 5
Engineering Doctorate in Environmental Technology. Sustainable Development and the Global Mining Industry
P.W. Argust, Rio Tinto / Borax
APD18. Annual RTZ HSE Questionnaire For All Group 
Companies
Question A2 Water Resource Management
From information on water mass balance, provide annual volumes of water for 1996 
and targets for 1997; also review historical data for 1992 to 1995 provided.
Volumes of water per annum in cubic metres 
A Annual water demand for:
i.Fresh water
(i.e. good quality make-up water drawn for use (<1,500 TDS), 
only include water which is specifically drawn for use; exclude 
rainfall)
ii.Other abstracted water
(i.e. poor quality make-up water drawn for use e.g. brackish / 
saline (>1500 TDS), only include water which is specifically 
drawn for use; exclude rainfall)
iii.Impounded water
(e.g. from surface run-off, mine dewatering etc. which is then 
used on-site. Run-off water or mine water which is collected on 
site and simply discharged should not be included. Also 
exclude re-use of tailings water.)
iv.Total (a)
(i.e. Fresh water + Other abstracted water + impounded water)
B. Total annual water requirements
(Total water passing through the operation. This includes plant 
recirculation and cascade re-use)
C. Water recycled
(Include plant recirculation, cascade re-use, reuse of tailings 
water etc.
NB (a) + (c) should equal (b)
1
| Ai . Fresh Water 
Demand
000 m3 1
1 A ii.
|
Abstracted 
Water Demand
000 m3
A iii. Impounded 
Water Used
000 m3
!
A iv. Total Water 
Drawn
000 m3
B. Total Water 
Consumption
000 m3
C. Water Recycled 000 m3
Question A3 Contaminants Discharged in Water
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Please provide the quantities of each of the specified contaminants discharged from 
the property in process water and in any other managed discharge. Provide annual 
quantities for 1996 and targets for 1997; and review historical data for 1992 to 1995, 
provided.
A. Process water
i. Provide total quantity and concentration of suspended solids 
discharged for the year (in tonnes)
ii. Provide total quantity and concentration of each of the following 
contaminants discharged for the year (in kilograms)
• Copper
• Zinc
• Lead
• Arsenic
• Cadmium
• Mercury
• Cyanide
Total quantities of contaminants should be supplied as the mass of 
metal or the radical (e.g. CN) not as the mass of compounds. Supply 
total quantities (i.e. contained in suspended solids and in solution.
If a metal or salt is known not to be present please state ‘not relevant’.
B. Non-process water
(Other managed discharges if discharged separately from (a). E.g. 
collected surface run-off, mine water, water from dewatering wells)
i. Provide total quantity and concentration of suspended solids 
discharged for the year (in tonnes)
ii. Provide total quantity and concentration of each of the following 
contaminants discharged for the year (in kilograms)
• Copper
• Zinc
• Lead
• Arsenic
• Cadmium
• Mercury
• Cyanide
Total quantities of contaminants should be supplied as the mass of 
metal or the radical (e.g. CN) not as the mass of compounds. Supply 
total quantities (i.e. contained in suspended solids and in solution.
If a metal or salt is known not to be present please state ‘not relevant’.
Process
W ater
W orld 1992 1993 1994 1995 Target 1996 Deviation Target
Bank 1996 from 1997
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■ ■ m ■ ■ wm
Volume o f
water
discharged
‘000 m3
Suspended 
I Solids
Weight tonnes - I ;..........
Cone. ppm 50 | 1
Copper Weight kg -
C'onc. 0.5 i i
: Zinc Weight kg -
— HCone. PPm ........ 2.0
Lead \\ eight kg -
Cone. PP.™. __ 0.1
Arsenic Weight kg - ________ |
r Cone. ..PP.™ 0.1 1 1
Cadmium Weight kg -
i----------------- i
Cone. 0.1 ________ i
Mercury \\  eight kg - j i
Cone. ppm 0 001
Cyanide Weight kg -
|..............
Cone. | ppm 0.2 '.............;
■
Volume of
water
discharged
‘000 m3
Suspended
Solids
Weight tonnes -
Cone. ppm 50
Copper Weight k-
Zinc
Cone.
Weight
PP™
k g............
0 5 ====== = = = = = = = = = = = = = = =
Cone. ,PPm 2.0
Lead Weight k g . .......... -
------
1 . Cone. PPm ......... 0.1
Arsenic Weight kg - i
Cone. ...PP.™. .. 0.1 1
Cadmium Weight kg - |
Cone. ppm 0.1 — .......... ......1 ____
I Mercury Weight kg............. - ....... ....... I....... ... ...........
i ( one ppm 0.001
i Cyanide Weight kg - I.
Cone. ...PP.™.___ 0.2
| _____J_______ |
Question A4 Management & Minimisation of Hazardous Wastes 
(excluding waste rock and tailings)
i. Quantity of hazardous waste generated per year
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Provide the quantity (in tonnes) of hazardous waste (i.e. any wastes 
considered hazardous by regulation) generated per year by your 
operation.
(Include, for example, waste hydrocarbons, sludges, spent cell
lining, spent caustic / acid, asbestos, PCBs, residue chemicals)
ii. Disposal Method
Please provide data on tonnes of hazardous waste disposed of by the 
following methods (include both on-site disposal as well as disposal by 
specialist off-site service company / agent):
• Land disposal
• Incineration (waste oils, lubricants etc. which are used as a 
fuel for energy generation should be classified in the 
recycled / reused category, not in the incinerated category.)
• Recycled / reused
• Other disposal method (please explain)
■■■■
Quantity o f hazardous 
waste generated
tonnes
|
Quantity disposed to land tonnes j
Quantity disposed through 
incineration
tonnes |
Quantity recycled or re­
used
tonnes |
Other disposal tonnes " '  ... j
Question A5 Land Issues at Operating Sites
(i.e. areas disturbed & progress of rehabilitation 
work etc.)
I. Areas of land disturbed at mining operations
The purpose of these statistics is to chart the total area of land disturbed year 
by year at the Group’s mining operations and the progress made in the 
rehabilitation work.
Please provide the following land areas:
A Total area of land disturbed, in hectares, as of year end 1995 
(Exclude rehabilitated areas)
B. Additional area of land disturbed during 1996, in hectares
C. Area of land rehabilitated during 1996, in hectares
D. Total area of land disturbed, in hectares, as of year end 1996 
(I.e. a + b - c).
(Exclude rehabilitated areas)
E. Cumulative area of land rehabilitated (i.e. over the life of the 
operation to end 1996)
ii. Type of Rehabilitation
Please provide a breakdown of the area of land rehabilitated, in hectares, 
during 1996 into the following categories:
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A Native (includes all forms of rehabilitation designed to return 
disturbed land to the pre-development land use or any enhanced form 
of conservation use)
B. Agricultural (includes all forms of commercial usage, e.g. crops, 
pasture, range land / grazing)
C. Forestry (includes all forms of commercial forestry)
D. Recreation (includes both active e.g. golf course, fishing, and 
passive e.g. picnic areas, walk trails)
E. Other (e.g. industrial use, residential development)
Total area o f  land disturbed hectares v  I
Additional area o f land disturbed 
from previous year
hectares
Area o f land rehabilitated during 
year
hectares
Cumulative area o f land 
rehabilitated over operation life.
hectares : 1
U N
Rehabilitation for Native use 
during year
hectares
i
Rehabilitation for Agricultural 
use during year
hectares
I-
Rehabilitation for Forestry use 
during year
hectares
Rehabilitation for Recreation use 
during year
Rehabilitation for Other use 
during year
hectares I
Author’s Note: For the purposes o f  this report the remaining questions on quantified 
environmental performance measures will be included in this Appendix, but the self­
completion tables will not, as they will follow the same format as the ones 
demonstrated thus far.
Question A6 Closed / Abandoned or Inactive Sites
In the text of your report, please provide a list of all closed, abandoned or inactive 
sites for which your Group company has responsibility, or for which it had 
responsibility at any time since the beginning of 1990. For each please provide a brief
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description of the site, what it was used for, how it was acquired and clean up issues. 
Status of clean up work and percentage of work completed as year end 1996.
Complete tables for land area statistics on land area disturbance and types of 
rehabilitation, in the same format as question A5, for the closed or inactive sites.
Question A7 Energy Consumption and Energy Savings
i. Energy Consumption
Energy consumption data for 1996 and targets for 1997 are needed
Electric Power Consumption
A Electric power consumption in MWh/year. Provide total 
consumption and breakdown of consumption by operating area
B. Captive power generation. Output, fuel type and consumption 
breakdown of any power generated by the company or operating site.
C. Proportions of energy from the grid from various power sources 
(coal, oil, gas etc.)
ii. Fossil fuel consumption
Provide quantities of fossil fuels consumed by type:
A Heating fuel
B. Automotive fuel
C. Carbon reductant
If a specific fuel is used in more than one activity provide a breakdown if 
where the fuel is consumed.
iii. Throughput
In order to be able to calculate specific consumptions for year on year 
comparisons, please provide relevant production data for 1996. E.g. ore mined, 
waste mined, material processed, etc.
iv. Examples of energy savings
Please give brief details to explain any trends in the energy data. Describe any 
energy savings projects that have been instituted since the previous report and 
provide estimates of the annual quantities of energy saving expected.
Question A9 Fines I Damages Paid Relating to HSE
Review the list of fines relating to 
A Health and Safety 
B. Environment
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which were paid during the period 1991 to end 1995 which is provided in 
Attachment A and update that list with 1995 information.
Question A10 Spills
On the form in Attachment A, please provide the number of spills to the environment
which occurred in 1996 for the following categories 
A Hydrocarbons (>100 Litres)
B. Chemicals (>10 Litres)
Question A11 Environmental, Legal & Regulatory Compliance
i. Number of incidents of non-compliance
A Please indicate the number of incidents and / or issues of non- 
compliance with environmental conditions or regulations that were 
recorded by your operation during 1995 for each of the following 
categories:
Category I: Procedural non-compliance (e.g. late submission
of a report, incorrectly completed forms etc.)
Category II: Isolated or non-recurring incidents of non-
compliance (e.g. entirely contained spill, single 
exceedence of an emission / discharge 
monitoring parameter)
Category III: Issues of non-compliance which are ongoing and 
/ or continual in nature (e.g. recurring 
exceedence of Ringlemann opacity limits, 
recurring exceedence of sediment limits or other 
monitoring parameters.
Category IV: Significant incidents, regardless o f law, which 
have, or potentially have, serious public health 
and / or environmental consequences (e.g. 
breach of a tailings dam, contamination of 
ground-water)
B. Of the total number of non-compliance incidents in 1996 (as listed 
above), how many were remedied or prompted corrective action to be 
taken by year end.
ii. Nature of Category III and IV incidents / issues
In your report, please provide a brief description of each Category III and 
Category IV issue / incident
Question A12 Staff
On the form provided in Attachment A, please give:
A The number of HSE staff employed at your operation in 1995 (expressed as 
full time equivalents
B. The average number of people employed at your operation during 1996.
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Question A13 Significant Legal I Administrative Action
Provide details / update of any significant formal, legal or administrative action / 
notice or prosecution against the Group relating to operating sites, closed sites, non­
operating sites or off site disposal situations; to include any actions that are pending or 
anticipated. Please describe when formal action was taken, what was the basis of the 
action, what is the current situation and what were the terms of any final settlement (to 
include details of any fines paid). Describe any relevant improvements made 
following this complaint.
Question A14 Awards for HSE Performance
Provide lists and details of prizes / awards received during 1996 in recognition of 
HSE performance at your operation:
A Awards for safety performance
B. Awards for environmental performance, including matters related to 
occupational hygiene or the community.
Question A15 Miscellaneous I Other
A Provide a brief description of projects or initiatives (recently completed, 
ongoing, or planned for the short term future) which have or will result in 
significant HSE improvements (including matters related to the community). 
Provide costs in US dollars and brief notes to indicate what HSE 
improvements these have or will achieve.
B. Describe any major research project work being undertaken / funded and 
provide details of annual project costs and total budget.
C. Describe any significant initiatives taken to demonstrate environmental 
performance to the public. Do you produce any environmental progress and or 
performance report for community interest? If so, please provide a copy.
Question B1 Policy
Does your operation have a formal written policy on health and safety and 
environment? If the answer is yes, please indicate the year in which a policy was first 
adopted
Question B2 Managerial Responsibilities for HSE
Do the job descriptions for all relevant managers include written reference to their 
responsibilities for health and safety and environment? If the answer is yes, indicate 
the year in which the procedure was adopted
Question B3 Written Procedures for HSE
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Do you have formal written procedures which are actively used for the management 
of health and safety and environment. If the answer is yes, which year were those 
procedures first adopted?
Question B4 Environmental Management System
A Does your operation have a documented EMS?
B. Has it been decided that your operation should adopt an internationally recognised 
environmental management system?
C. Which system, if  any, has been selected?
D. What is the current stage of implementation?
E. What year do you envisage that the system will be fully implemented?
Question B5 HSE Induction
Do your induction programmes for new employees include instruction in health and 
safety and environment. If the answer is yes, indicate the year in which the procedure 
was adopted
Question B6 Training
Do you provide the employees at your operation with ongoing training and awareness 
instruction in health and safety and environment? If the answer is yes, indicate the 
year in which the procedure was adopted
Question B7 Contractor HSE Management
Do you have formal written HSE management procedures with which contractors are 
required to comply. If the answer is yes, indicate the year in which the procedure was 
adopted
Question B8 Auditing
Provide an estimate of the proportion of your operation which was audited in 1996. If 
only part of the operation was audited explain which areas / aspects were covered.
Question B9 Waste Management Plan
Do you have a formal written waste management plan (i.e. which sets out procedures 
for identification, handling, storage and disposal of wastes etc., excluding waste rock 
and tailings). If the answer is yes, indicate the year in which the procedure was 
adopted
Question B10 Waste Disposal Audit
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Do you have a system for auditing or reviewing the waste disposal practices of all 
service companies / contractors who dispose of wastes from your site. If the answer is 
yes, indicate the year in which the procedure was adopted
Question B11 Emergency Planning
Do you have an Emergency Plan? If the answer is yes, indicate the year in which the 
procedure was adopted
Question B12 Spill Prevention
Do you have written procedures for preventing and containing spills (e.g. in the 
emergency plan). If the answer is yes, indicate the year in which the procedure was 
adopted
Question B13 Closure Planning
A Does your operation have a plan for closure
B. Has the cost of rehabilitation on closure been assessed
C. Are financial provisions regularly made to accumulate funds for the cost of closure 
Question B14 Local Community
Do you have formal channels for discussing / communicating environmental issues 
with the local community (e.g. regular liaison groups, ad hoc consultation groups, 
newsletters, site tours etc.) If the answer is yes, indicate the year in which these 
channels were first established
Question B15 Complaints
Do you maintain a file of all complaints and how they were resolved. If the answer is 
yes, indicate the year in which the file was first established.
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APD19. Boron Operations Environmental Policy
The mission of Boron Operations is to reliably produce high quality borate products in a 
responsible, efficient manner. In fulfilling this mission, Boron Operations is committed to 
being a responsible steward of it's natural resources and the environment.
Every Boron employee has an obligation to perform work assignments in compliance with all 
applicable environmental rules, regulations and standards, and in accordance with the U. S. 
Borax and RTZ Health, Safety, and Environmental Policies.
To help meet this obligation the management of Boron Operations will provide for 
communication of environmental issues to employees, the public and governmental agencies. 
In addition, the management of Boron Operations will incorporate environmental 
considerations into all of our business decisions, and maintain environmental management 
systems to ensure that, at a minimum, our operations comply with all applicable regulatory 
requirements.
Preston Chiaro
Vice President, Boron Operations 
January 2, 1996
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APD22. Release of Biologically Available Anthropogenic 
Sources of Borates in Surface Water Systems, a Case Study.
It has been shown that there are many anthropogenic applications for borates, such as 
insulation fibre glass, ceramics, borosilicate glass. Most of the borate entering processing is 
used in the product, but as has been shown, some of the borate is lost through process 
inefficiencies. Eventually, however, the majority of the borate will be released into the 
environment as stack losses, process losses into the water system, landfill disposal, or 
application onto land. In the majority of anthropogenic uses, particularly in the use of 
insulation fibre glass, textile fibre glass, cellulose insulation, and borosilicate glass, the boron 
is chemically bound into the product and is biologically inactive. However, in some 
applications borate remains highly soluble and is thus available for biochemical reactions. 
Anthropogenic sources of biologically available borates from an environmental standpoint 
will include fertilisers, herbicides, detergents, and anti-freeze. Sales of borate to anti-freeze 
are marginal, and are not sufficient to appear on sales break-down figures. Agricultural 
borates and detergent/ perborate applications are significant, however, and accounted for 
approximately 25% of the 990,000 tonnes of B20 3 sold world-wide in 1994.
APD22.1.1 Release of borates from detergent applications.
The following case study introduces many valuable issues in assigning figures to mass 
balancing work for release of biologically active borate into environmental media. It is the 
case of a local river system in the UK, the River Thames, which is a fresh-water surface 
system from source in Gloucestershire to flow into a tidal system at Teddington Weir in West 
London.
Thames Water have provided:
1. Daily River flow measurements and monthly boron concentration measurements 
for Farmoor and Caversham/Reading over the period September 1992 to August 
1995.
2. Daily River flow measurements and monthly boron concentrations (except for 
April to September 1991) for Egham/Staines from December 1990 to August 
1995.
3. Daily River flow measurements for Walton from September 1991 to June 1995.
4. Upstream Population Equivalent figures for Farmoor, Caversham/Reading, 
Egham/Staines, and Teddington.
Figures for sales of perborate into detergents in the UK market have also been compiled. The 
objective is to compare figures for expected boron release to the river system from detergent 
usage, to the actual boron concentration figures measured by the National Rivers Authority 
(NRA). The following assumptions have been made:
1. The UK population has held constant over the time period in question at 55 million people.
Appendix 22 -  Release ofBiologically Available Anthropogenic Sources o f  Borates
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2. That all detergent sold in the UK is used in washing and passes into the domestic waste 
water stream.
3. That there are no system losses in the domestic waste water stream between domestic 
source and river.
4. That there is no removal of boron in the sewage treatment process.
5. That there is no boron reservoir or sink activity by sediment on the river bed.
6. That detergent consumption rates remain constant throughout the year. As discussed in 
Project Document 4 -  Minerals in the Environment: a Global Mass Balance for Boron 
(see Vol.3 PD4, Section 7.4.3), per capita daily boron consumption in detergents was 
approximately 2.693 * 10"4 kg in 1993 and 2.454 * 10’4 kg in 1994.
7. That the population equivalent data is broadly representative of actual populations 
upstream.
APD22.1.1.1 Farmoor
According to Thames Water (Giblin 1995), the data from Farmoor is more representative of 
domestic input into the river system, since, with the exception of agriculture, there are 
relatively few industrial sources of effluent upstream of this location. River flow levels at this 
point are highly seasonal, with mean monthly flow rates ranging from extremes of 56.945 
cumecs (a cumec here is lm3 per second) in January 1994 to 0.623 cumecs in August 1995. 
Levels of detergent consumption are anticipated to be relatively constant throughout the year. 
This being the case, it would be expected that, if there was a very high proportion of detergent 
perborate in the total boron load, monthly boron loading would remain roughly constant. 
Thus, boron concentration would be inversely proportional to the river flow level. In other 
words, when flow levels were high, boron concentration would be low, due to dilution effects, 
and when flow levels were low, boron concentration would be high. The measurements are 
consistent with this hypothesis: in January 1994 boron concentration was measured at 92 ug/1, 
but in August 1995 it was measured at 300 ug/1. Table 1 summarises the results for Farmoor:
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Table 1: Boron Data for Farmoor, near Oxford, UK, 1992 to 1995
September 1992 12.706 17.2 96
October 1992 16.8 22.6 116
November 1992 34.257 41 61
December 1992 49.242 39.4 56
January 1993 46.742 40.1 90
February 1993 18.675 13.5 88
March 1993 8.435 9.36 109
April 1993 16.393 12.8 104
May 1993 12.473 6.47 102
June 1993 13.125 17 73
July 1993 5.907 5.56 122
August 1993 2.494 3.05 218
September 1993 3.18 6.34 196
October 1993 14.681 3.24 878
November 1993 10.721 39.1 59
December 1993 33.31 9.84 101
January 1994 56.945 24.5 92
February 1994 34.961 17.4 200
March 1994 20.484 17.6 100
April 1994 20.887 9.79 117
May 1994 11.602 5.93 127
June 1994 6.864 1.87 153
July 1994 2.287 1.74 224
August 1994 1.353 1.84 252
September 1994 2.343 2.33 220
October 1994 2.16 10.7 252
November 1994 10.246 11 120
December 1994 24.901 8.88 117
January 1995 41.977 63.7 100
February 1995 56.621 20 100
March 1995 27.865 8.12 100
April 1995 9.325 4.01 200
May 1995 4.719 2.37 200
June 1995 2.324 0.978 300
July 1995 0.876 0.672 300
August 1995 0.623 0.525 300
The results are consistent with the hypothesis over the three years for which the data has been 
available. It shows that in the months when river flow is low, boron concentration is high. 
Using this data, Thames Water have estimated that approximately 34% of monthly boron 
levels are contributed from perborate in detergent (Giblin 1995). Further analysis of the 
results from Thames Water would suggest, however, that such a conclusion cannot be drawn. 
Further calculation has included a determination of the actual boron loading level, in terms of 
the amount of boron in the river, rather than the concentration of boron. The value for 
concentration of boron on a given day is converted to kg boron per cubic metre and then 
multiplied by the volume of water (in cubic metres) flowing past the measurement point in a 
twenty four hour day. This gives a value for boron loading (kg) on a given day at a given 
point. The results of this calculation are summarised in Table 2.
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Table 2: Boron Loading in River Thames at Farmoor, near Oxford, UK, 1992 to 
1995
29.9.92 17.2 142.66 8.9.94 1.84 40.06
29.10.92 22.6 226.51 5.10.94 2.33 44.29
15.12.92 41 216.09 1.11.94 10.7 232.97
17.12.92 39.4 190.63 14.11.94 11 114.05
27.1.93 40.1 311.82 30.11.94 8.88 89.77
26.2.93 13.5 102.64 23.1.95 63.7 550.37
22.3.93 9.36 88.15 21.3.95 20 172.8
19.4.93 12.8 115.02 20.4.95 8.12 70.16
18.5.93 6.47 57.02 16.5.95 4.01 69.29
16.6.93 17 107.22 13.6.95 2.37 40.95
12.7.93 5.56 58.61 11.7.95 0.978 25.35
12.8.93 3.05 57.45 3.8.95 0.672 17.42
9.9.93 6.34 107.36 14.8.95 0.525 13.61
4.10.93 3.24 245.78
14.10.93 39.1 199.32
1.11.93 9.84 85.87
22.2.94 24.5 194.75
22.3.94 17.4 300.67
20.4.94 17.6 152.06
16.5.94 9.79 98.97
14.6.94 5.93 65.07
14.7.94 1.87 24.72
11.8.94 1.74 33.68
As can be seen clearly, although concentration of boron in river water does increase with 
decreasing river flow, the volume of boron in the river actually increases with flow, rather 
than remaining constant, which would have represented constant levels of perborate input and 
constant levels of non-perborate input. There is a seasonal variation in levels of boron loading 
in the river, from between 80 and 225 kg (or more) per day in all the months between 
September 1992 and April 1993, between September 1993 and April 1994, and between 
October 1994 and February 1995, to less than 80 kg per day (as low as 13.61 kg per day) in 
the summer months.
Far from boron levels remaining proportional to the amount of perborate in the river, the 
figures show that the amount of boron in the river is driven by the amount of water flowing 
through the system. This would be consistent with a high proportion of contribution from 
natural sources of boron such as rain-water, and high mobilisation of boron in soils by 
increasing soil moisture levels during these months.
APD22.1.1.2 Caversham /  Reading
A similar relationship between river levels and boron concentration to that at Farmoor was 
observed at Caversham in Reading. In other words, during the summer months of low river 
flow the boron concentrations were higher than during the winter months of higher river flow 
levels. Table 3 summarises the results for Reading.
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The calculations for boron loading upstream of Reading, summarised in the table over page, 
show a similar pattern to that observed at Farmoor. Peak loading reached ~1014 kg per day in 
April 1994, with minimum loading observed at -111 kg per day in August 1995. There is a 
seasonal variation in boron loading in the river, from a mean of approximately 564 kg per day 
in the months October to April inclusive in the years 1993, 1994 and 1995, to a mean of 
approximately 192 kg per day for the months May to September inclusive in those years. 
Table 4 summarises the boron loading figures for Caversham in Reading:
Table 3: Boron Data for Caversham in Reading, UK, 1992 to 1995.
October 1992 50.5 31.8 130
November 1992 84.963 62.5 146
December 1992 125.871 186 34
January 1993 110.074 79 113
February 1993 43.361 59.7 105
March 1993 22.755 31.1 116
April 1993 49.927 60.8 193
May 1993 28.039 19.9 155
June 1993 25.53 21.2 140
July 1993 13.81 11.9 173
August 1993 8.343 6.95 209
September 1993 11.25 6.69 280
October 1993 42.835 42.8 113
November 1993 33.677 24.4 173
December 1993 82.5 105 100
January 1994 133.368
February 1994 85.811 66.4 129
March 1994 47.99
April 1994 50.697 30.5 113
May 1994 30.345 26.6 148
June 1994 17.933 15.8 164
July 1994 8.976 10.2 187
August 1994 7.391 6.13 261
September 1994 9.517 8.12 253
October 1994 9.616 6.62 261
November 1994 31.503 21.7 166
December 1994 57.29 58.2 100
January 1995 102.303 46.9 100
February 1995 133.418 183 100
March 1995 71.294 65.8 100
April 1995 26.843 17.9 100
May 1995 16.361 15.4 200
June 1995 10.404 9.88 200
July 1995 7.083 7.21 200
August 1995 4.111 4.28 300
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Table 4: Boron Loading in River Thames at Caversham in Reading, UK, 1992 to 
1995.
13.10.92 31.8 357.178 28.11.94 21.7 311.23
4.11.92 62.5 788.4 12.12.94 58.2 502.848
3.12.92 186 546.394 15.1.95 46.9 405.216
6.1.93 79 771.293 31.1.95 183 1581.12
3.2.93 59.7 541.598 15.3.95 65.8 568.512
24.2.93 31.1 311.697 5.5.95 17.9 154.656
6.4.93 60.8 1013.852 11.5.95 15.4 266.112
13.5.93 19.9 266.501 16.6.95 9.88 170.726
23.6.93 21.2 256.435 6.7.95 7.21 124.589
7.7.93 11.9 177.872 7.8.95 4.28 110.938
18.8.93 6.95 125.5
7.9.93 6.69 161.844
19.10.93 42.8 417.865
10.11.93 24.4 364.712
15.12.93 105 907.2
16.2.94 66.4 740.068
26.4.94 30.5 297.778
16.5.94 26.6 340.14
21.6.94 15.8 223.88
6.7.94 10.2 164.799
9.8.94 6.13 138.234
28.9.94 8.12 177.497
18.10.94 6.62 149.284
APD22.1.1.3 Egham / Staines
A similar relationship between river levels and boron concentration to that at both Farmoor 
and Reading was observed at Egham / Staines. In other words, during the summer months of 
low river flow the boron concentrations were higher than during the winter months of higher 
river flow levels. Table 5 summarises the results for Egham / Staines.
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Table 5: Boron Data for Egham / Staines, UK, 1992 to 1995.
September 1992 41.796 12.3 277
October 1992 64.587 82.7 177
November 1992 116.673
December 1992 179.142 114 89
January 1993 169.394 258 63
February 1993 78.725 87.5 92
March 1993 48.377 65.1 150
April 1993 88.677 64.8 154
May 1993 45.277 44 179
June 1993 42.47
July 1993 28.684 28.3 229
July 1993 28.684 29.8 224
August 1993 18.658 17.3 675
September 1993 21.2 18.9 277
October 1993 72.297 43.7 178
November 1993 49.88 44.8 162
November 1993 49.88 40.5 179
December 1993 122.042 119 149
January 1994 204.71 188 95
February 1994 138.1 157 96
March 1994 84.452 78.9 200
April 1994 87.133 130 200
May 1994 54.065 45.5 167
June 1994 34.348
July 1994 17.377 18.6 254
July 1994 17.377 16.8 290
August 1994 15.826 14.8 322
September 1994 13.726
October 1994 17.481 15.2 291
November 1994 50.977 45.4 187
November 1994 50.977 39.7 179
November 1994 50.977 33.6 223
December 1994 86.542
January 1995 156.423 84.6 100
February 1995 214.964 165 100
February 1995 214.964 174 100
March 1995 124.239
April 1995 57.597 47.9 200
May 1995 37.977
June 1995 25.36
July 1995 16.926 16.4 300
July 1995 16.926 15.5 300
August 1995 12.177
September 1995 12.198
The calculations for boron loading upstream of Egham / Staines, summarised in Table 6, 
show a similar pattern to that observed at both Farmoor and Reading. Peak loading reached 
-2246 kg per day in April 1994, with minimum loading observed at -294 kg per day in early 
September 1992. There is a seasonal variation in boron loading in the river, from a mean of 
approximately 1032 kg per day in the months October to April inclusive in the years 1993, 
1994 and 1995, to a mean of approximately 545 kg per day for the months May to September 
inclusive in those years.
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Table 6: Boron Loading in River Thames at Egham / Staines, UK, 1992 to 1995.
8.9.92 12.3 294.373 31.8.94 14.8 411.748
6.10.92 82.7 1264.715 6.10.94 15.2 382.164
30.11.92 114 876.614 16.11.94 45.4 733.519
14.1.93 258 1404.346 24.11.94 39.7 613.984
9.2.93 87.5 695.52 28.11.94 33.6 647.378
22.2.93 65.1 843.696 11.1.95 84.6 730.944
26.4.93 64.8 862.203 10.2.95 165 1425.6
12.5.93 44 680.486 27.2.95 174 1503.36
2.7.93 28.3 559.932 28.4.95 47.9 827.712
21.7.93 29.8 576.737 5.7.95 16.4 425.088
23.8.93 17.3 1008.936 24.7.95 15.5 401.76
28.9.93 18.9 452.33
28.10.93 43.7 672.071
23.11.93 44.8 627.057
25.11.93 40.5 626.357
13.12.93 119 1531.958
24.1.94 188 1543.104
28.2.94 157 1302.221
14.3.94 78.9 1363.392
11.4.94 130 2246.4
19.5.94 45.5 656.51
5.7.94 18.6 408.188
26.7.94 16.8 420.941
APD22.1.1.4 Discussion
The work carried out indicates that boron concentration does increase during the summer 
months of low river flow, consistent with a high proportion of contribution from detergents. 
However, the work demonstrates that the actual boron loading in the river decreases during 
the summer months of low river flow. The amount of boron in detergents leaving the 
domestic sources is greater during the summer than the total boron in the river measured at 
that time. For example, with daily per capita boron usage in detergents of approximately 
2.693 * KT4 kg in 1993 and 2.454 * 10'4 kg in 1994, and upstream population equivalents for 
Farmoor of 371,250, daily boron in detergent load can be calculated to be approximately 100 
kg per day in 1993 and approximately 90 kg per day in 1994. As has been shown in Table 2, 
in 1993 total river boron load at Farmoor was lower than 100 kg per day for March, May, 
July, August and November. During 1994 total river boron load at Farmoor was lower than 90 
kg per day for June, July, August, September and October.
The following points are raised by these occurrences:
1. Is there a high background level of natural boron contribution into the river system? This 
would be consistent with high boron loading levels during the winter: high rainfall, high 
leaching, breakdown of organic matter, e.g. leaves etc. into humus. It would appear that 
any boron loading from natural sources is seasonal: is there boron deficiency during the 
growing season? If so, it is unlikely that natural boron will be released by the soil clays 
during this period.
2. Is it acceptable to assume that all detergent passes into the river system directly? Are there 
system losses into the aquifers? During the summer months of recharge, would this boron
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be released into the soils and water systems, or would they be held in the ‘reservoir’ until 
water levels were sufficiently high for movement into the water system to occur. If so, a 
considerable time delay would occur.
3. Further, do all the contents of a box of detergent go into the washing cycle, or is there 
unused detergent which goes to landfill? Is detergent in landfill contained, or can it leach 
into soils? If it does, how quickly does it reach the river system?
4. It has been suggested (Butterwick et. al.) that boron can be irreversibly bound into the clay 
structures. Is any natural boron, or boron entering the soil from system losses and landfill, 
locked up in this way? Can it be locked up until demand from plants is sufficient to 
translocate the boron into the organic matter. The question here is: is boron from the 
autumn and winter locked up until there is biomass demand the following spring as the 
growing season commences?
5. Are the population equivalent figures acceptable? What is the margin for error on these 
figures? In terms of BOD, what is the population equivalent of a dairy, or a farm?
6. Is there an interface on the river bed, with clays and sediments here acting as a reservoir 
for boron?
7. How accurate are the measured concentrations of boron in the river and measured flow 
rate figures (12 month moving average flow for Staines rose from 22.4 cumecs for the year 
June 1991/92 to 75.4 cumecs for the year June 1992/93, and has remained in the range of 
63.0 cumecs to 77.0 cumecs since that date. Did overall mean river flow more than treble 
in the space of one year?)
8. Is detergent consumption seasonal. Even if there was some degree of seasonality in 
consumption, would this contribute significantly to the pattern demonstrated in the 
calculations?
9. Is there removal of boron by the sewage treatment process?
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APD23. Arriving at a Mass Balance for the Soil System
The discussion thus far has raised a number of issues arising from the measurement of boron 
in surface water systems and has highlighted the difficulty in determining a conclusive 
balance for the soil component of the boron cycle which in turn makes the determination of 
boron flows in surface waters difficult. Globally, the level of boron in surface waters is not 
known to a confidence sufficient for use in the soil component. In a given portion of land 
Alloway (1993) identifies an equation for heavy metals which can be modified for boron thus:
Btotal =  (Bp +  B a +  B f  +  B ac +  Bow +  Bjp) - (B cr +  Bj)
Where:
Btotal denotes Total boron flux of the soil
BP denotes Boron from parent material
Ba denotes Boron from atmospheric deposition
B f denotes Boron from fertilisers
Bac denotes Boron from agrochemical
Bow denotes Boron from organic wastes
B ip denotes Boron from other inorganic sources
Bcr denotes Boron in crops removed
B i denotes Boron in leachate, (see Alloway 1993, page 38)
APD23.1.1 A Local Soil Flow Mass Balancing Model
Such an equation assists in visualising the processes involved in a given section of soil. At a 
local level it may be possible to calculate values for some of the variables in the equation. In 
the case of the River Thames, for example, the following data are known or can be 
determined:
1. The total boron loading in the river, from data supplied by Thames Water
2. The contribution to boron loading from detergents
3. An estimate of the concentration of boron in rainfall, using figures for Berkshire from 
Cawse.
4. The contribution of boron in domestic food wastes can be determined using boron in food 
data and UK food consumption patterns.
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The following system can be shown for boron in the Thames Region: 
Figure 1: Boron flows in the River Thames Region.
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An assumption at this stage is that the overall soil system is in balance. I.e. the removal of 
boron from the system in vegetation by ruminants will be returned as manure. The loss of 
boron from the system to non-consumed vegetation will be returned as the vegetation decays. 
The losses of boron from agricultural harvesting and leaching will be balanced by 
contributions from atmospheric deposition and weathering of parent material. If the system 
operates at a deficit the system would ultimately become unable to support crops which 
require boron. This assumption can be tested by using the modified form of Alloway’s heavy 
metals model and the system described in the diagram above.
Aquatic systems such as removal for use in aquatic plants and animals will be in balance in 
much the same way as that for land based animals and plants. There are two areas where
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boron flows are unknown. The first is system losses from sewage treatment. Any sewage 
containing boron which leaves the sewage system before it reaches the river could enter the 
soil system and become available for plants. However, this system is not pressurised, so any 
exfiltration can be countered by possible infiltration from the soil system into the pipes. In the 
water treatment system there could also be losses into the soil system. This network is 
pressurised so there will be a net loss from this system into the soil regime. It is also possible 
that boron is removed during the sewage treatment process and will be present in the sewage 
sludge. This will be transferred to the soil system.
The total river boron removal for the Thames can be calculated using the boron concentration 
measurements for various points along the river. The detergent boron input for the region can 
be calculated by using annual sales of perborate into detergents used in the UK divided by the 
population served by the River Thames.
APD23.1.1.1 Boron Load in River
The total removal of boron from the system by the River Thames can be determined using the 
values calculated in Appendix 22 (see APD22, sections APD22.1.1.1 to APD22.1.1.3). These 
figures will represent a cumulative value for any boron added to the river from direct rainfall, 
house-hold food wastes, detergents, and any transmission of boron from the soil system to the 
river through leaching and weathering processes. For the purposes of these calculations we 
will use kg boron per day as our unit of measurement, and will calculate values for the three 
sampling points of Farmoor, Reading, and Staines. Measurements of boron concentration in 
the river at these points were taken monthly, and values for a full year at each station are only 
complete for 1993 and 1994. The mean daily flow will be calculated for each year by taking a 
mean of the monthly measurements. If more than one measurement is taken in a particular 
month then the mean of these values will be determined to be used in the subsequent 
calculation. If a measurement has not been made for a particular month then the mean of two 
adjacent measurements will be used.
Thus, for Farmoor, referring to data in Appendix 22 (see APD22.1.1.1), the mean daily boron 
loading in 1993 will be:
((311.82 + 102.64 + 88.15 + 115.02 + 57.02 + 107.22 + 58.61 + 57.45 
+ 107.36 + x/2(245.78 + 199.32) + 85.87 + ,/2(85.87 + 194.75)) -  12) 
kg per day
=  121.168 kg per day
In 1994 the mean daily boron loading at Farmoor will be:
(( x/2(85.87 + 194.75) + 194.75 + 300.67 + 152.06 + 98.97 + 65.07 
+ 24.72 + 33.68 + 40.06 + 44.29 + ((232.97 + 114.05 + 89.77) -  3) + 
x/2(89.77 + 550.37) -  12) kg per day 
-130.021 kg per day
For Reading, referring to data in Appendix 22 (see APD22.1.1.2), the mean daily boron 
loading in 1993 will be:
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((771.293 + 1/2(541.598 + 311.697) + 14(311.697 + 1013.852) +
1013.852 + 266.501 + 256.435 + 177.872 + 125.5 + 161.844 +
417.865 + 364.712 + 907.2) -  12) kg per day 
=  462.708 kg per day.
In 1994 the mean daily boron loading at Reading will be:
((14(907.2 + 740.068) + 740.068 + 14(740.068 + 297.778) + 297.778 
+340.14 + 223.88 + 164.799 + 138.234 + 177.497 + 149.284 + 311.23 
+ 502.848) -5-12) kg per day 
=  365.943 kg per day.
For Staines, referring to data in Appendix 22 (see APD22.1.1.3), the mean daily boron 
loading in 1993 will be:
((1404.346 + 14(695.52 + 843.696) + 14(843.696 + 862.203) + 862.203 
+ 680.486 + 14(680.486 + 559.932) + 14(559.932 + 576.737) +
1008.936 + 452.33 + 672.071 + 14(627.057 + 626.357) + 1531.958) -  
12) kg per day 
=  837.512 kg per day.
In 1994 the mean daily boron loading at Staines will be:
((1543.104 + 1302.221 + 1363.392 + 2246.4 + 656.51 + 14(656.51 +
408.188) + 14(408.188 + 420.941) + 411.748 + 14(411.748 + 382.164)
+ 382.164 + ((733.519 + 613.984 + 647.378) / 3) + 14(647.378 +
730.944) -s-12) kg per day 
=  883.627 kg per day.
A PD 23.1.1.2 Contribution from  Detergents
Contribution to the system from the use of detergents can be calculated if the following 
information is known:
1. The amount of boron in detergents used in the UK.
2. The amount of detergents used in the UK.
3. The number of people upstream of the measurement point releasing detergents into the 
system.
In the UK in 1993, 6.8 * 107 kg of perborate were used. 66% was PBS4, 34% was PBS1 
(Rainer 1996). The chemical formulae of PBS4 and PBS1 are NaB03.4H20  and NaB03.H20, 
respectively, with boron representing 7.026% by mass of PBS4 and 10.81% of PBS1. Thus, in 
1993, UK consumption of boron in detergents was:
(0.07026 * 6.8 * 107 * 0.66) + (0.1081 * 6.8 * 107 * 0.34) kg 
(3.153 * 106) + (2.499 * 106) kg 
5.652 * 106 kg 
= 1.5485 * 104 kg per day.
In 1994, 6.4 * 107 kg of perborate were used. 73% was PBS4, 27% was PBS1. Following the 
previous calculation, the UK consumption of boron in detergents in 1994 was:
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(0.07026 * 6.4 * 107 * 0.73) + (0.1081 * 6.4 * 107 * 0.27) kg 
(3.283 * 106) + (1.868 * 106) kg 
5.151 * 106 kg 
= 1.4112 * 104 kg per day.
If one assumes the UK population to be -57,500,000 (see Statistical Office of the European 
Communities 1995, page 19) then the per capita boron consumption is 2.693 * 10-4 kg per day 
in 1993 and 2.454 * 10*4 kg per day in 1994. Using these figures, the boron contribution from 
detergents at the measurement points can be determined:
There is a population of 371,250 upstream of Farmoor (Giblin 1995). If the per capita 
contributions of boron through detergents are 2.693 * 10~4 kg per day in 1993 and 2.454 * 10'4 
kg per day in 1994, then the total contributions above Farmoor will be 99.978 kg per day in 
1993 and 91.105 kg per day in 1994.
There is a population of 1,114,032 upstream of Reading (Giblin 1995). If the per capita 
contributions of boron through detergents are 2.693 * 10‘4 kg per day in 1993 and 2.454 * 10"4 
kg per day in 1994, then the total contributions above Reading will be 300.009 kg per day in 
1993 and 273.383 kg per day in 1994.
There is a population of 2,709,132 upstream of Staines (Giblin 1995). If the per capita 
contributions of boron through detergents are 2.693 * 10"4 kg per day in 1993 and 2.454 * 10'4 
kg per day in 1994, then the total contributions above Staines will be 729.569 kg per day in 
1993 and 664.821 kg per day in 1994.
APD 23.1.1.3 Atmospheric Contribution:
Atmospheric contribution of boron from rainfall can be estimated using a value of rain soluble 
boron concentration of 8.0 ug/1 given by Cawse (1974) for Chilton in Berkshire, the only 
location sampled by Cawse in the Thames region. Average rainfall levels for the region have 
been supplied by the National Rivers Authority (1995). The Authority have divided the 
Thames into four regions: Upper Thames (Source to Farmoor), Middle Thames (Farmoor to 
Caversham), Lower Thames (Caversham to Teddington), and Tidal Thames. Each region has 
been divided up into the sub-catchments of the rivers flowing into each region, and 
information has been provided for catchment area and mean rainfall in each sub catchment 
area.
APD23.1.1.3.1 Atmospheric Contribution Above Farmoor
The Upper Thames catchment covers an area of 1296 square km with an average annual 
rainfall of 690 mm (National Rivers Authority 1995). Assuming a mean density of water in 
rainfall of 1.0, then this converts to -  8.94 * 1011 kg water per year in rainfall above Farmoor. 
Using Cawse’s mean boron concentration in rainfall of 8.0 ug per litre for Chilton in 
Berkshire (his values for inland UK range from 3.9 ug per litre in Lancashire to 11.3 ug per 
litre in Nottinghamshire) (Cawse 1974, page 84), one can calculate an annual boron 
contribution in rainfall of -7.152 * 103 kg per year, or 19.595 kg per day.
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APD23.1.1.3.2Atmospheric Contribution Above Reading and Staines
Rainfall data for Reading and Staines have not been received from the National Rivers
Authority.
APD23.1.1.4 Boron in Food Wastes
The boron intake in food in the UK can be calculated using MAFF data (Ministry of 
Agriculture, Fisheries and Food 1994) on household consumption of individual foods, and 
using work by Anderson et al (1994b) who carried out neutron capture prompt-gamma-ray- 
activation-analysis (PGAA) to determine the boron content of a wide range of foods. MAFF 
data were predominantly expressed in ounces. A conversion factor of 1 ounce to 28.35g has 
been used. Table 1 shows the breakdown of boron in the UK dietary intake in 1993:
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Table 1: Intake of UK Population of Boron in Food, 1993. (based on Ministry of 
Agriculture, Fisheries and Food 1994, pages 74 to 80; Anderson et al 1994b, 
pages 64 to 69)
Liquid Whole-milk 857.982 0.13 111.538
Low Fat Milk 1028.442 0.23 236.542
Yoghurt 119.322 0.46 54.888
Processed Cheese 9.072 0.33 2.994
Natural Cheese 100.0755 0.19 19.014
Beef and Veal 132.678 0.16 21.228
Mutton and Lamb 66.0555 0.14 9.248
Pork 80.2305 0.06 4.814
Liver 7.371 <0.07 <0.516
Uncooked Ham & Bacon 76.8285 0.2 15.366
Cooked Ham & Bacon 34.587 0.39 13.489
Cooked Poultry 16.443 0.24 3.946
Corned Meat & Non-Canned Cooked Meat 26.3655 0.2 5.273
Canned Meats, Delicatessen Meats & 
Convenience Meats
116.802 0.65 75.921
Broiler Chicken & Other Uncooked Poultry 222.264 0.34 75.570
Pork Sausages 36.855 0.38 14.005
Beef Sausages 23.5305 0.16 3.765
Other Meat Products 94.122 0.65 61.179
Canned Fish 30.051 0.24 7.212
Frozen /  Convenience Fish 28.917 0.32 9.253
Shell Fish 6.237 0.93 5.800
Other Fish 79.38 0.24 19.051
Eggs 54.432 0.12 6.532
Margarine 70.308 0.25 17.577
Vegetable Oil 45.6435 <0.04 <1.286
Butter, Lard & Other Fats 114.2505 0.23 26.278
Sugar 151.1055 0.29 43.821
Jams, Jellies, Marmalade & Fruit Curds 33.7365 1.86 62.750
Syrup 3.1185 0.05 0.156
Honey 5.67 6.07 34.417
Fresh Potatoes 875.448 1.25 1094.31
Cabbages 63.504 1.07 67.949
Brussels Sprouts (Collards?) 23.814 1.49 35.483
Cauliflower 76.2615 1.27 96.852
Leafy Salads 51.597 0.83 42.826
Peas & Other Fresh Green Vegetables 6.237 1.28 7.983
Fresh Beans 18.144 1.41 25.583
Fresh Carrots 117.0855 2.59 303.251
Turnips, Swedes & Other Root Vegetables 52.4475 1.11 58.217
Onions, Shallots & Leeks 95.5395 1.39 162.780
Cucumbers 32.0355 0.94 30.113
Fresh Mushrooms, Fresh Tomatoes & Other 
Fresh Vegetables
180.306 0.75 135.230
Canned Tomatoes 47.9115 0.69 33.059
Canned Peas 36.288 1.26 45.723
Canned Vegetables, Other than Potatoes or 
Tomatoes
35.154 1.11 39.021
Vegetable Juices 6.5205 0.7 4.564
Chips, excluding Frozen 27.4995 3.25 89.373
Instant Potato, Canned Potato, Non-frozen 
Potato Products and Other Vegetable 
Products
92.421 1.11 102.587
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Frozen Peas 43.3755 1.28 55.521
Frozen Beans 11.0565 1.41 15.590
Frozen Chips and Other Frozen Vegetables 148.8375 0.95 141.396
Fresh Oranges & Other Citrus Fruit 122.1885 2.17 265.149
Apples 179.172 2.73 489.140
Pears 37.989 3.66 139.040
Stone Fruit 38.2725 4.49 171.844
Grapes & Other Soft Fruit 43.9425 4.6 202.136
Bananas, Rhubarb & Other Fresh Fruit 194.7645 1.04 202.555
Canned Peaches, Pears, Pineapples and 
Other Canned or Bottled Fruit
47.628 1.59 75.729
Dried Fruit, Dried Fruit Products, Frozen 
Fruit & Frozen Fruit Products
21.2625 19.0 403.988
Nuts & Nut Products 17.2935 6.6 114.137
Fruit Juices 235.5885 2.38 560.701
White Bread 501.795 0.48 240.862
Brown Bread, Wholemeal Bread & Other 
Bread
327.159 0.67 219.120
Breakfast Cereals 128.709 0.92 118.412
Biscuits 91.0035 0.3 27.301
Chocolate Biscuits 46.494 1.4 65.092
Flour 82.4985 0.27 22.275
Rice 36.855 0.32 11.794
Buns, Scones, Tea Cakes, Cakes & Pastries 117.936 0.91 107.322
Oatmeal & Oat Products 13.8915 0.10 1.389
All Other Cereals 186.543 0.92 171.620
Tea 36.5715 <0.04 <1.463
Coffee 17.577 0.24 4.218
Cocoa, Drinking Chocolate, Branded Food 
Drinks, Non-concentrated Soft Drinks & 
Concentrated Soft Drinks
560.196 0.17 95.233
Low Calorie Soft Drinks 221.4135 0.13 28.784
Beers & Ciders 1858 0.13 241.54
Wines 1123 3.52 3952.96
Spirits & Liqueurs 172 <0.06 <10.32
Mineral Water 87.6015 0.04 3.504
Baby Foods 4.8195 0.41 1.976
Soups 69.174 0.35 24.211
Table Jellies, Squares & Crystals 3.969 <0.05 <0.198
Ice Cream Products 91.0035 0.86 78.263
Salt 11.0565 ~ 0 ~0
Spreads & Dressings 19.845 0.50 9.923
Pickles & Sauces 76.545 0.36 27.556
Chocolate & Other Confectionery 52.27 1.26 65.860
TOTAL < 11706.455
If the weekly intake of boron in food is 11706.455 ug per person, the daily boron intake in the 
UK food intake is ~1672 ug per person, 1.672 mg per person per day. Some of this intake will 
accumulate in the human body over time. Nielsen (1986) states that,
“Boron is distributed throughout the tissues and organs of animals at concentrations 
mostly between 0.05 and 0.6 ug/g fresh weight, and several times these levels in the 
bones.” (Nielsen 1986, page 420)
Nielsen reports the work of Hamilton et al. (1972-3), stating that,
“The mean boron level in 22 rib samples from humans living in hard water areas in 
England was 10.2 ± 5 ug/g ash, and in 22 rib samples from those living in soft water 
areas 6.2 ± 2 ug/g ash.” (Nielsen 1986, page 421)
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Nonetheless, the majority of ingested boron leaves the body in the urinary waste stream. 
Nielsen (1988) reports work by Jansen and Schou (1984) who fed six male volunteers with a 
single boric acid dose of between 750 mg and 1473 mg in either.water solution or 3% 
waterless, water emulsifying ointment. He reports that,
“After 96 hours, mean urinary recovery was 93.9% and 92.4% respectively.” (Nielsen 
1988, page 371)
It is possible that more than 93.9% of water solution boric acid would be recovered over a 
period greater than the 96 hours measured by Jansen and Schou. For the purposes of this 
study, however, it will be assumed that 93.9% of ingested boron will be released into the 
sewage system. Using the population equivalent data from Thames Water, the following 
calculations can be made:
Table 2: Loading in The River Thames From Dietary Boron
Farmoor 371,250 0.621 0.584
Reading 1,114,032 1.863 1.751
Staines 2 ,709 ,132 4 .530 4 .258
APD23.1.2 Discussion
The calculations suggest that there is a balance in the soil systems, with no accumulation or 
depletion of boron within the system. External additions to the system are broadly balanced 
by removal in the river system. Unquantified additions, such as landfill leaching into the 
system, may account for any possible difference between other additions and removal. The 
largest source of boron in the system is household detergent, but it is not possible to isolate 
the domestic water system and the soil water system. A report by Environmental Data 
Services (1995) suggests that 20.6% of the water in the Thames Water distribution system is 
lost to the external environment. Leaking pipes running through soils will transmit boron into 
the soil system.
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Natural sources do not represent the majority of boron additions to the system, as 
hypothesised in Appendix 1 (see Section APD1.1.1.4). The plant - soil systems are in balance; 
at a global level less than 0.1% of biomass is removed in agricultural crops, the majority 
cycling between plants, animals, and the soil. The data for Farmoor make it possible to 
generate values for the system model outlined in Section APD23.1.1. This information is 
shown in Figure 2.
Figure 2: Boron Mass Flows above Farmoor, UK, 1993.
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Total known additions sum to 116.157 kilograms boron per day, with river boron calculated 
to 121.168 kilograms boron per day. Unknown additions will include landfill leaching, 
desorption from clays and fertilisers, although with total UK sales of boron to the fertiliser 
industry of approximately 70,000 tonnes B (Rainer 1996), daily per capita additions from this 
source are only approximately 3.3 * 10’6 kg B per day. The difference between known 
additions and known river load for 1993 is 5.011 kg boron, an error of less than 5%. Based on 
this data it is assumed that the soil system is in balance.
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APD24. Chemical Formulae and Conversion Values
The chemical formulae and conversion constants of major boron related minerals are given 
below in Table 1.
Table 1 Boron Chemical Formulae and Conversion Factors
Boron B 3.220 1
Boric oxide B2O3 1 0.3106
Borax decahydrate 
(usually referred to 
as Borax or Tincal)
Na2 B4O7*10H2O 0.3651 0.1134
Borax pentahydrate Na2 B40 7*5H20 0.4780 0.1485
Boric acid H3 BO3 0.5630 0.1748
Sodium perborate 
tetrahydrate (usually 
referred to as PBS4)
NaB03 '4H20 0.2262 0.0703
Anhydrous borax Na2 B4 0 7 0.6920 0.2149
Tincalconite Na2 B4 0 7»5H20 0.4780 0.1485
Colemanite Ca2 B60 i 1 «5H20 0.5080 0.1578
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1.1 Project Parameters
‘This four-year programme is intended to support the development of environmental 
management policies and practices and policies in Borax, and to investigate the possibilities 
of applying the Clean Technology approach in some of the Borax operations. The programme 
contains a number of projects which are distinct but form a sequence of activities which will 
provide excellent broad experience for a Research Engineer and will also form a suitable 
basis for a final Portfolio.
A. Boron in the Environment
The environmental impacts and final fate of boron from anthropogenic activities will be 
examined and quantified, using appropriate pathway modelling and eco-toxicological 
assessment techniques. This area requires two levels of approach: a general ‘globalised’ 
examination of boron use and emission, and local analysis of boron flows and distributions in 
a specific river system.
B Environmental Management and Reporting
Given its multinational operations, Borax has a long-term programme of developing 
approaches to environmental management and reporting which can be applied throughout the 
Company, for example to demonstrate the year-on-year improvements in environmental 
performance required for external certification (e.g. under EMAS in Europe). This area of 
work would require review of different areas of the Company’s activities, including 
environmental audits of specific plants.
C. Clean Technology and Life Cycle Assessment
As a starting point, a Life Cycle Assessment (LCA) of a specific processing operation will be 
carried out, in order to identify the major environmental interventions, and where they arise, 
and to provide a basis for internal comparisons of different processes and plants within 
Borax. The ‘Clean Technology” approach will then be applied to review how the
environmental interventions might be reduced along with operating costs, for example, by 
containing and reusing water or avoiding its use in material handling.’
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1.2 Executive Summary of Progress to Date.
The timing for this annual review has been delayed by three months to coincide with the 
completion of the second project in the programme, concerning environmental management 
and reporting.
Progress thus far includes the development of a global mass balance for boron, whereby the 
environmental impacts and final fate of boron from anthropogenic activities have been 
examined and quantified. Two levels of approach were adopted for this work: a general 
‘globalised’ examination of boron use and emission, and local analysis of boron flows and 
distribution in a specific river system.
The second area of work concerns the development of systems to manage the environmental 
issues associated with the extraction and processing of borate ore across the Borax Group. At 
the moment research is ongoing into the design of an environmental management system for 
the group, and the appraisal of systems such as ISO 14001, EMAS, and BS 7750.
Fieldwork for this area of the research has required visits to all the group companies and 
operations in Europe and then three weeks in California and the Argentinean Andes visiting 
the group’s mines. In November 1996 a review meeting was held in Rotterdam, attended by 
all EHS managers for the Group, representatives from top management for the Group 
companies, together with senior management representation from Borax Europe and RTZ- 
CRA. At this meeting the findings of the EHS management systems review were presented, 
together with a recommendation to adopt a formal environmental management system across 
the Group, based on ISO 14001.
A decision was taken that such implementation should proceed, and a Group ‘task force’ has 
been established to co-ordinate effort in this area. Although this area of work is of great 
interest, it is not suitable material for inclusion in a doctorate portfolio. Accordingly, the 
emphasis of research is likely to shift towards the implications of the new EC Packaging 
Waste Directive, towards analysis of distribution strategies, energy consumption in European 
operations, or towards other specific life cycle analysis work within aspects of Borax 
operations.
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1.3 Progress Review
1.3.1 Project Area A: Boron in the Environment.
A six month project was established to research this aspect of the programme. The objectives 
of carrying out this research activity were two-fold. Firstly, to provide a contribution to 
knowledge in the area of boron mass flows, and secondly to familiarise the research engineer 
with the different aspects of the borate business and with Borax operations and employees. 
This work was scheduled for six months as it was agreed that work of this nature had to be 
viewed in the overall context of the engineering doctorate portfolio. In other words, whilst six 
months would not be sufficient time to generate a definitive boron mass balance it would still 
provide sufficient opportunity to build an initial mass flow schematic for boron and serve the 
secondary objective of familiarising the student with the industrial context of the portfolio.
Two studies were carried out; one for a global mass balance, and one for a mass balance of a 
local river system. These were submitted in April 1996 and are kept in the portfolio. For the 
purposes of this report it is not appropriate to reproduce all aspects of this work here. 
Nonetheless, a copy of the research engineer’s annual paper for the Engineering Doctorate 
Conference, held in September 1996, is included as Published Paper 1 (see Vol. 4 PP1)
At the present time it is planned that a paper based on this work will also be presented at the 
University of California in October 1997. An International Symposium is being organised to 
discuss the Health Effects of Boron at the National Academies of Sciences and Engineering at 
Irvine, California and a platform presentation titled ‘Distribution of Boron in the 
Environment’ is scheduled.
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1.3.2 Project Area B: Environmental Management and Reporting
Research into this area of the portfolio commenced in April 1996. The portfolio parameters 
for this work are as follows:
‘Prepare a proposal for implementing an environmental 
management system for the RTZ Borax group companies. ’
The Project Area brief, agreed by the supervisors and the research engineer, is as follows, 
“Prepare a proposal for implementing an environmental management system for the RTZ 
Borax group companies. The Research Engineer should briefly evaluate the purpose and 
benefits o f an environmental management system to the group, review existing company 
structures, environmental policy and targets, environmental reporting needs o f the group and 
its parent RTZ and design an appropriate environmental management system for the group. 
The system should be based on ISO 14001. The proposal should identify what needs to be 
done to implement the system, identify stages in the process and propose a logical phased 
implementation programme. An evaluation should be made of the timing and time-scale for 
implementation. In addition, consideration should be given to identifying environmental 
performance criteria. ”
This brief has been divided into two activity areas, which are expected to cover the following 
issues:
Activity Bl:
1. Evaluate the purpose and benefits of an environmental management system to the 
group.
2. Review existing company structures.
3. Review environmental policy and targets.
4. Review environmental reporting needs of the group and RTZ
Activity B2:
5. Design an environmental management system for the group.
6. Identify actions required for implementation.
7. Identify stages in the process.
8. Propose logical phased implementation programme
9. Evaluate timing and time-scale for implementation
10. Consideration of environmental performance criteria.
Work in these areas commenced on 15th April 1996 and at the present time the draft of the 
final report is under review by academic and industrial supervision.
The first task in Activity Bl, the review of the purpose and benefits of an environmental 
management system to the Borax Group, has now been completed and reviewed. Tasks 2,3 
and 4 are more concerned with operational issues at Borax and it was agreed that a fieldwork
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programme should be established to gather the necessary information to complete these 
activities. The following timetable for site visits was established:
15th May 1996: Visit to RTZ Head Office to meet James Stevenson,
RTZ Group Environmental Advisor to gather the views 
of Borax’ sole shareholder.
5th June 1996: Visit to Borax Micro-Milling (UK) to review operations
and discuss environmental management practices with 
Paul Murray, Managing Director, and David Wray, 
Production Manager in Widnes and Runcorn.
17th June 1996: Visit to Borax Francais to review operations and
discuss environmental management practices with Jean- 
Louis Vallin, Operations Manager, Regis Thyot, EHS 
Manager, and Jean Dufour, Quality Manager in 
Coudequerque.
18th June 1996: Visit to Borax Rotterdam to review operations and
discuss environmental management practices with Hans 
Sjouke, Managing Director, and Ron Kouwenhoven, 
Quality and EHS Manager.
25th June 1996: Visit to Borax Espana to review operations and discuss
environmental management practices with Francisco 
Torres, Quality and EHS Manager in Valencia and 
Nules.
11th August 1996: Visit to US Borax to review operations and discuss
environmental management practices with Preston 
Chiaro, Vice President - Boron Operations, Gerry 
Pepper, Head of Environmental Affairs, Mike Kirby,
Art Beckerman, Dave Parker, Joe Siefke, Dara English, 
Environmental Affairs Team in Boron (Calif.) and 
Wilmington (Los Angeles) and Mark Reece, Laboratory 
Services Manager in Valencia (Los Angeles).
24th August 1996: Visit to Borax Argentina to review operations and
discuss environmental management practices with Jorge 
Rodriguez-Lascano, Managing Director, Ramiro 
Comejo-Torino, Regional General Manager, and Pablo 
Mario Vago, EHS Manager in Buenos Aires, Campo 
Quijano, Tincalayu, Sijes, Porvenir.
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The fieldwork provided a background into the nature of activity at each of the operations, 
investigated the results of environment, health and safety audits at the group companies, and 
then looked at the position of the group companies in the following areas:
1. Environmental Policy
2. Environmental Planning
2.1 Environmental Aspects
2.2 Legal and Other Requirements
2.3 Obj ectives and Targets
2.2 Environmental Management Programmes
3. Implementation and Operation of Management Control Systems
3.1 Structure and Responsibility
3.2 Training, Awareness and Competence
3.3 Communication
3.4 Environmental Management System Documentation
3.5 Document Control
3.6 Operational Control
3.7 Emergency Preparedness and Response
4. Checking and Corrective Action
4.1 Monitoring and Measurement
4.2 Non Conformance and Corrective and Preventative Action
4.3 Records
4.4 EMS Audit
5. Management Review.
In November 1996 a review meeting was held in Rotterdam, attended by all EHS managers 
for the Group, representatives from top management for the Group companies, together with 
senior management representation from Borax Europe and RTZ-CRA. At this meeting the 
findings of the EHS management systems review were presented, together with a 
recommendation to adopt a formal environmental management system across the Group, 
based on ISO 14001.
A decision was taken that such implementation should proceed, with a formal system planned 
to be implemented by the end of 1997 with a decision taken at this point regarding whether 
full certification of such a system should be pursued. If a positive decision is made 
certification will be sought during 1998. A Group ‘task force’ has been established to co­
ordinate such implementation. This team will be co-ordinated by Keith Shettle, Borax 
Europe, and membership will also include one management representative from each of the 
operating companies, plus this research engineer in an advisory capacity.
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A sample of the fieldwork results obtained, using Borax Argentina as an example is included 
as Appendix 6 to the portfolio (see Vol. 4 APD6)
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1.4 Development of Core Competencies
In order to be eligible for the actual doctorate itself, the RE has to demonstrate:
0 Expert knowledge of an environmental engineering area;
0 Innovation and contribution to knowledge in the development of environmental 
technology;
0 The appreciation of the industrial context of environmental engineering;
0 Project management skills;
0 Oral and written communication skills;
0 Financial engineering planning and control;
0 The ability to apply skills and knowledge to new and unusual situations;
0 The ability to seek optimal solutions to complex engineering problems and to search out 
relevant information sources.
Perhaps these competencies overlap in many areas. To discuss the specific competencies 
required for the RE first, the environmental area in which I am pursuing ‘expert knowledge’ 
is environmental management. Already within the Borax Group a role is emerging to 
facilitate the implementation phase of a complex environmental management system. 
Through project work to review the ethical foundation of environmental management, the 
business case for environmental management, and the operational realities of environmental 
management practice within a mining to chemicals organisation, and through interaction with 
professionals in the field such as Environmental Resources Management, this knowledge is 
being enhanced.
Innovation and a contribution to knowledge in the development of environmental technology 
is, unsurprisingly, the area where most thought must be given. I suspect that contribution is 
unlikely to come in a continuous flow, nor is it likely to be restricted to one particular area. 
Already, the work in boron distribution in the environment has demonstrated itself to be 
novel. The data used were based on studies by other researchers, but this was the first time (to 
my knowledge) a global system identifying relative sizes of reservoirs and flows had been 
devised.
Understanding the industrial context of environmental engineering has been an area of 
considerable personal development over the past twelve months. The interaction between 
industry and government over the issue of establishing boron guidelines for drinking water, 
for example, and within industrial groups over the development of integrated management 
systems has been important to appreciate, and will prove essential to identifying channels of 
communication and sources of information in the future.
Project management skills, the oral and written communication skills, and financial 
engineering project planning and control are all areas which have improved considerably 
during the execution of the environmental management review at Borax. Co-ordinating visits 
at a global level to operations, constrained by variations in climate as much by production 
schedules and management availability, to gather information and report back to management 
at the highest level in the organisation, and to then present these findings to a multi-national
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audience and facilitate their decision process has been an excellent challenge in project 
management and communication.
Throughout the first five months of 1997 the Borax Europe and Borax International 
organisations are undergoing ‘Quest’ training whereby multi-disciplinary, multi-nationality, 
multi-site teams, of approximately ten people undergo training each week covering such 
topics as ‘The challenge of change’, ‘Team-work’ and ‘Personal leadership’, assisted by 
trained facilitators. Such a programme should help consolidate the experiences gained over 
the past twelve months at Borax.
The ultimate objective of any development throughout the four year programme is to help 
develop a research engineer, to quote Section 3 of the EngD Handbook, who can,
0 Plan and execute flexible, innovative, R&D programmes that respond to customer needs;
0 Form, work within, and where necessary, lead teams with multi-disciplinary backgrounds; 
0 Have expert knowledge in the field of environmental technology and be able to apply 
techniques that balance social and economic benefit against resource utilisation and 
environmental impact;
0 Possess a working knowledge of project management and business methods;
0 Have excellent communication skills.
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1.5 Resource Allocation
The final objective of this review is to assess the demands made on the Research Engineer’s 
time during his studies. Activity over a period of thirteen months: October 1996 to November 
1996, has been divided according to the nature of the activity carried out to show the relative 
demands on time by the research and the non-research activities.
1.5.1 Resource for Project A - Boron Mass Balance
Project Commence Date: 18th Sept. 1995
Project Completion Date: 5th April 1995.
W orking Days: 144 days.
Non-Project:
Engineering Doctorate
Induction/ Leadership Module 5 days.
Induction / Leadership Course-work 5 days.
Clean Technology Module 5 days.
Clean Technology Course-work 5 days.
Life Cycle Analysis Module 2.5 days.
Project Management Module 2.5 days.
Life Cycle Analysis Course-work 4 days.
Project Management Course-work 4 days.
Risk Perception Module 5 days.
Conferences / Exhibitions
IEA Risk Analysis Conference, London 1 day.
Project 99 days
Holidays 5 days
Totals for Project A1
Engineering Doctorate 39 Days (27%)
+ Conferences / Exhibitions________ ;_____________________ 1 Day fO.5%1
= Total Non Project: 40 Days (27.5%)
+ Total Project 99 Days (69%)
+____ Total Holidays______________________________________ 5 Days (3.5%!
Total 144 Days (100%)
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1.5.2 Resource for Activity B l - Borax Environmental Management Systems 
Review
Activity Commence Date: 15th Apr. 1996
Activity Completion Date: 5th Nov. 1996
Working Days: 142 days.
Non Project:
Engineering Doctorate
Risk Perception Course-work 5 days.
Sociology 1 Module. 5 days.
Sociology 1 Course-work. 5 days.
Annual Conference Abstracts. 1 day.
Environmental Measurement Module. 5 days.
Annual Conference Paper Preparation. 5 days.
Hands-on-Audit & Legislation Module. 5 days.
Annual Conference Presentation Preparation. 4 days.
Annual Conference. 2 days.
Engineering Doctorate Annual Report Preparation. 1 day.
Annual Progress Report Preparation. 5 days.
Risk Communication Module 5 days.
Risk Communication Course-work. 5 days.
Conferences / Exhibitions
ET 96, Birmingham. 1 day.
Solutions 96, Manchester. 1 day.
Biodiversity Masterclass, Kew Gardens 0.5 days.
Project
Fieldwork at RTZ, UK 0.5 days.
Fieldwork at Micro-Milling, UK 1.5 days.
Fieldwork at Borax Francais 1 day.
Fieldwork at Borax Rotterdam 1 day.
Fieldwork at Borax Espana 1 day.
Fieldwork at US Borax 5 days.
Fieldwork at Borax Argentina 7 days.
Final Presentation and Review, Borax Rotterdam 2 days.
Other Project Work (University / Borax Europe) 55.5 days.
Holidays.
Holidays 12 days.
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Totals for Project Bl
Engineering Doctorate 
+ Conferences / Exhibitions
53 Days (37.5%) 
2.5 Days (1.5%)
Total Non Project: 55.5 Days (39%)
+ Total Project 
+Total Holidays
74.5 Days (52.5%) 
12 Davs t8.5%l
=Total 142 Days (100%)
It is worth highlighting the high proportion of time allocated to the engineering doctorate 
during the second period: 37.5% of allocated time was focused in this area, whereas during 
the first six months of the programme only 27% of resource went to the EngD. A guiding 
principle of the engineering doctorate in environmental technology it is a four year 
programme, with three years dedicated to the research programme and one year dedicated to 
course-work. Even allowing that one would still have to complete progress reports and 
dissertations under a traditional PhD programme, there is an argument to suggest that 
resource demand could be better managed to spread the burden throughout the year.
The fact that under the schedule outlined for the second year of registration this pattern is to 
be repeated, with two residential modules in the months October to April, and two residential 
modules, one distance learning module, annual conference paper preparation, annual 
conference poster-board preparation, the annual conference itself, and the preparation of a 
dissertation to be followed by external examination for MPhil to EngD transition, all falling 
in the second six months of the academic year, is a cause for a great deal of concern.
Such frequent disruptions cause a great deal of difficulty in achieving continuity in research 
and fieldwork and one might suggest that if the course administration remain resolved to 
schedule as many courses into university vacation periods as possible, then perhaps some 
consideration may have to be given to the notion of holding residential ‘summer schools’ 
containing a number of taught modules in one or two sessions rather than the highly 
fragmented and unsatisfactory situation that exists at present.
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1.1 Introduction
This six-monthly report covers the period 1st October 1996 to 31st March 1997. There is 
some overlap in content with the annual report for 1995 - 1996 academic year, since that 
report covered the fifteen months from 1st October 1995 to December 31st 1996, to coincide 
with timing on project completion schedules.
The format for this report will be as follows. The project parameters agreed at the inception 
of this particular four year research programme for RTZ Borax Europe will be outlined, to 
provide guidance on the overall direction of the portfolio. A summary of progress thus far 
(i.e. 1st October 1995 to 31st March 1997) will follow. Thereafter progress over the past six 
months will be reviewed, covering the results of work into ISO 14001 and the scoping of 
project work to investigate the ‘environmental footprint’ of Borax Europe.
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1.2 Initial Project Parameters
‘This four-year programme is intended to support the development of environmental 
management policies and practices and policies in Borax, and to investigate the possibilities 
of applying the Clean Technology approach in some of the Borax operations. The programme 
contains a number of projects which are distinct but form a sequence of activities which will 
provide excellent broad experience for a Research Engineer and will also form a suitable 
basis for a final Portfolio.
A. Boron in the Environment
The environmental impacts and final fate of boron from anthropogenic activities will be 
examined and quantified, using appropriate pathway modelling and eco-toxicological 
assessment techniques. This area requires two levels of approach: a general ‘globalised’ 
examination of boron use and emission, and local analysis of boron flows and distributions in 
a specific river system.
B Environmental Management and Reporting
Given its multinational operations, Borax has a long-term programme of developing 
approaches to environmental management and reporting which can be applied throughout the 
Company, for example to demonstrate the year-on-year improvements in environmental 
performance required for external certification (e.g. under EMAS in Europe). This area of 
work would require review of different areas of the Company’s activities, including 
environmental audits of specific plants.
C. Clean Technology and Life Cycle Assessment
As a starting point, a Life Cycle Assessment (LCA) of a specific processing operation will be 
carried out, in order to identify the major environmental interventions, and where they arise, 
and to provide a basis for internal comparisons of different processes and plants within 
Borax. The ‘Clean Technology” approach will then be applied to review how the
environmental interventions might be reduced along with operating costs, for example, by 
containing and reusing water or avoiding its use in material handling.’
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1.3 Summary of Progress to Date.
Progress thus far includes the development of a global mass balance for boron, whereby the 
environmental impacts and final fate of boron from anthropogenic activities have been 
examined and quantified. Two levels of approach were adopted for this work: a general 
‘globalised’ examination of boron use and emission, and local analysis of boron flows and 
distribution in a specific river system.
The second area of work concerned the development of systems to manage the environmental 
issues associated with the extraction and processing of borate ore across the Borax Group. 
Research was carried out for the design of an environmental management system for the 
group, and the appraisal of systems such as ISO 14001, EMAS, and BS 7750.
Fieldwork for this area of the research required visits to the group companies and operations 
in Europe, The United States and Argentina to review the group’s mining, processing, 
distribution, laboratory and administration/ commercial operations. In November 1996 a 
review meeting was held in Rotterdam, attended by all EHS managers for the Group, 
representatives from top management for the Group companies, together with senior 
management representation from Borax Europe and RTZ-CRA. At this meeting the findings 
of the EHS management systems review were presented, together with a recommendation to 
adopt a formal environmental management system across the Group, based on ISO 14001.
A decision was taken that such implementation should proceed, and a Group ‘task force’ has 
been established to co-ordinate effort in this area. Although this area of work is of great 
interest, it is, sadly, not suitable material for inclusion in a doctorate portfolio. Accordingly, 
the emphasis of research has shifted towards analysis of the ‘environmental footprint’ of the 
RTZ Borax Europe operations. This particular system includes unloading raw material as it 
arrives in Europe, the materials handling options, energy consumption throughout materials 
processing, the packaging system adopted, the transportation options available, and includes 
producer responsibility issues regarding the packaging utilisation achieved by Borax Europe.
At the present time this project area is being explored in detail to determine the specific 
requirements of research into this subject. Of particular significance will be the implications 
of the new EC Packaging Waste Directive, analysis of the environmental impact of past and 
future distribution strategies, energy consumption in European operations. The information 
generated by this work will help the Group in setting objectives and targets for its ISO 14001 
programme of continuous improvement.
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1.4 Six Monthly Progress Review
1.4.1 Environmental Management and Reporting
Research into this area of the portfolio commenced in April 1996. The portfolio parameters 
for this work are as follows:
‘Prepare a proposal for implementing an environmental 
management system for the RTZ Borax group companies. ’
1.4.1.1 Project B rief
The Project Area brief, agreed by the supervisors and the research engineer, is as follows, 
‘‘Prepare a proposal for implementing an environmental management system for the RTZ 
Borax group companies. The Research Engineer should briefly evaluate the purpose and 
benefits o f an environmental management system to the group, review existing company 
structures, environmental policy and targets, environmental reporting needs o f the group and 
its parent RTZ and design an appropriate environmental management system for the group. 
The system should be based on ISO 14001. The proposal should identify what needs to be 
done to implement the system, identify stages in the process and propose a logical phased 
implementation programme. An evaluation should be made o f the timing and time-scale for 
implementation. In addition, consideration should be given to identifying environmental 
performance criteria. ”
This brief has been divided into two activity areas, which are expected to cover the following 
issues:
Activity Bl:
1. Evaluate the purpose and benefits of an environmental management system to the
group.
2. Review existing company structures.
3. Review environmental policy and targets.
4. Review environmental reporting needs of the group and RTZ
Activity B2:
5. Design an environmental management system for the group.
6. Identify actions required for implementation.
7. Identify stages in the process.
8. Propose logical phased implementation programme
9. Evaluate timing and time-scale for implementation
10. Consideration of environmental performance criteria.
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1.4.1.2 Fieldwork Programme
Work in these areas commenced on 15th April 1996 and at the present time the draft of the 
final report is under review by academic and industrial supervision.
The first task in Activity Bl, the review of the purpose and benefits of an environmental 
management system to the Borax Group, has now been completed and reviewed. Tasks 2,3 
and 4 are more concerned with operational issues at Borax and it was agreed that a fieldwork 
programme should be established to gather the necessary information to complete these 
activities. Site visits to the Group operations at Boron, Wilmington and Valencia (USA), to 
Coudekerque (France), Runcom and Widnes (UK), to Rotterdam (Netherlands), Valencia and 
Nules (Spain), and to Campo Quijano, Tincalayu, Sijes, Porvenir and Buenos Aires 
(Argentina) were carried out.
The fieldwork provided a background into the nature of activity at each of the operations, 
investigated the results of environment, health and safety audits at the group companies, and 
then looked at the position of the group companies in the following areas:
1. Environmental Policy
2. Environmental Planning
2.1 Environmental Aspects
2.2 Legal and Other Requirements
2.3 Obj ectives and T argets
2.2 Environmental Management Programmes
3. Implementation and Operation of Management Control Systems
3.1 Structure and Responsibility
3.2 Training, Awareness and Competence
3.3 Communication
3.4 Environmental Management System Documentation
3.5 Document Control
3.6 Operational Control
3.7 Emergency Preparedness and Response
4. Checking and Corrective Action
4.1 Monitoring and Measurement
4.2 Non Conformance and Corrective and Preventative Action
4.3 Records
4.4 EMS Audit
5. Management Review.
1.4.1.3 Outcome
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In November 1996 a review meeting was held in Rotterdam, attended by all EHS managers 
for the Group, representatives from top management for the Group companies, together with 
senior management representation from Borax Europe and RTZ-CRA. At this meeting the 
findings of the EHS management systems review were presented, together with a 
recommendation to adopt a formal environmental management system across the Group, 
based on ISO 14001.
A decision was taken that such implementation should proceed, with a formal system planned 
to be implemented by the end of 1997 with a decision taken at this point regarding whether 
full certification of such a system should be pursued. If a positive decision is made 
certification will be sought during 1998. A Group ‘task force’ has been established to co­
ordinate such implementation. This team will be co-ordinated by Keith Shettle, Borax 
Europe, and membership will also include one management representative from each of the 
operating companies, plus this research engineer in an advisory capacity.
A sample of the fieldwork results obtained, using Borax Argentina as an example is included 
in the portfolio as Appendix 6 (see Vol. 4 APD6).
1.4.2 Environmental Improvement Criteria
1.4.2.1 Background
The environmental management systems project was completed 31st December 1996. On 1st 
January 1997 a new project schedule was initiated, designed to investigate the environmental 
interventions associated with operations within Borax Europe. There are four manufacturing 
facilities sites in Europe (UK, France, Holland, Spain), with a central laboratory and 
administration facility in Guildford, England. At the time of writing the final details of this 
work are still under discussion with the European operating companies, but senior 
management approval for the work has been obtained.
As the ISO 14001 system development has progressed it has become increasingly apparent 
that effective environmental control and improvement is, in great part, dependent on focusing 
effort on those areas where most environmental benefit can be obtained, i.e. on the 
‘significant environmental aspects’. The significance of different environmental aspects will 
vary from industry to industry. For example, Coopers and Lybrand/ Business in the 
Environment suggest that for the automotive industry, the most significant environmental 
priorities will include atmospheric emissions, water use, water discharges, and legislation, 
whereas for the mining and chemicals industries issues such as the natural environment, solid 
waste, accidents and emergencies would also be high priority areas.
In the case of the European operations there are four main areas of activity which would need 
assessing for environmental significance. The majority of chemical processing within Borax 
Europe takes place at Borax Francais, which produces Boric acid using borate mineral and 
sulphuric acid. The rest of the European operations are concerned with receiving bulk 
shipments of borate from either the US mine or from the Argentinean mines and then 
carrying out some materials processing in the form of milling, grinding or granulating. 
Thence the product is packed and shipped on to customers or secondary stock-points.
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The environmental aspects connected with these operations include: energy consumption, the 
use of packaging and any subsequent recovery or re-use, the environmental burden associated 
with the European logistical activities, noise exposure, dust production and dust exposure. 
These are the environmental issues which are relevant to all the European manufacturing 
activities.
However, the relative significance of these aspects has not been determined quantitatively, 
nor has the relative significance been considered site by site. For example, energy 
consumption may emerge to be the most significant environmental aspect at a European 
operations level, and this would enable targets and objectives to be set and programmes to be 
put in place to reduce energy consumption across Borax Europe. By contrast, it may emerge 
that, although energy is the most significant issue for Borax Europe, for Borax Espana the 
most significant issue at their operation is dust.
1.4.2.2 A Holistic View
It will not be helpful to look at any of the issues in isolation, however. At one stage during the 
scoping of this work separate projects were drawn up for energy consumption, packaging, 
and transport, with the intention to look at each issue one by one and make recommendations 
for improvement based on the findings for each project.
After careful reflection and discussion it has been agreed that this may not be the most 
effective way to approach the subject. In fact, it would be better to develop at total review of 
these issues which can then be used to develop strategies for improvement. Changing the 
packaging material for example, may produce a more environmentally ‘friendly’ package, in 
terms of using a material which is more easily recycled or used for energy recovery, but this 
may have knock-on effects for the energy consumption during production or pollution due to 
greater reliance on one transport mode. One must develop integrated solutions by considering 
the entire system.
1.4.2.3 Quantitative Data
The first step in any decision on possible environmental improvement options is to gather 
baseline data. In the case of Borax Europe this will require data on energy consumption 
characteristics at each of the sites (how much energy, of what type, by which source, used in 
what tasks), the nature of the logistics activity (how much product, in what transport media, 
over what distance, at what utilisation), the nature of the packaging operation (what material, 
in what quantity, at what efficiency of use, with what final fate), as a starting point.
Some information sources are better developed than others. For example, in the case of 
energy management, the Guildford facility has a state-of-the-art energy management system 
which monitors electricity and gas consumption across the facility. This system can monitor 
consumption in each geographical activity area and in each functional activity area, with 
measurement and analysis every fifteen minutes. By contrast, the Rotterdam facility, which 
handles approximately 300,000 tonnes of product every year, has one electricity meter for the 
entire site, with readings taken far less frequently than at Guildford.
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There is no functional breakdown of power consumption patterns for all facilities so a 
physical energy audit will be required to determine the relative energy demands of the cranes, 
conveyors, boilers, dust filter systems, mills, packing machines, domestic systems, as 
examples. This will enable attention to be focused on those areas where the greatest 
proportion of power is consumed.
In the case of transport systems it is possible to determine the environmental burden of the 
logistics activities with information currently available. Some of the information is 
documented. For example, information regarding the type of material shipped, the type of 
product shipped, and the final destination for the material is documented and available. 
Information regarding the exact route taken to arrive at a particular location (in so far as a 
shipment from Rotterdam to Dublin might go via Liverpool) and the transport mode used is 
‘known’ at each operating company and once the individuals with this knowledge have been 
consulted then this information should become available.
In the case of road transport, if the location and intermediate destinations are known for a 
particular customer, then a software package such as Autoroute Express becomes extremely 
useful as this software can determine the distance travelled and the breakdown of road-types: 
motorway/ primary, main, local. Information regarding the actual utilisation achieved by 
lorries might be difficult to determine since customers often collect material rather than Borax 
delivering it. Nonetheless, it should be possible to consult with Borax Europe’s logistics 
department together with site management to generate a figure which would be used.
The use of life-cycle software packages such as PEMS become important hereafter since this 
uses data on transport mode, material quantity and distance to generate inventory data which 
will show, for example, how much energy, carbon dioxide, carbon monoxide, nitrogen 
oxides, etc. would be generated by a particular transport activity. Ultimately, any analysis 
carried out could be used to investigate possible alternatives for European distribution, such 
as the use of inland water-way to feed secondary stock-points closer to large customer bases.
Packaging may also emerge as being an area of environmental significance in Borax Europe’s 
operations. This is an area which is already under investigation within Borax. The Producer 
Responsibility Regulations for packaging could have consequences from a commercial 
standpoint for Borax. To summarise the British response to the European Directive:
“From 1 September 1997 businesses in the UK which manufacture, fill or sell packaging or 
packaging materials in excess of 50 tonnes will be subject to certain regulations. Until 1 
January 2000 this will only apply to companies with a turnover in excess of £5 million, but 
thereafter to those with a turnover of more than £1 million”
The burden of responsibility for the recovery and / or recycling of packaging materials is to 
be shared by the manufacturers of the raw materials used for the packaging (who assume 
responsibility for 6%), those who manufacture the packaging itself (who assume 
responsibility for 11%), those fill or pack product into the packaging (who assume 
responsibility for 36%), and those who sell the packaged goods to consumers to final users
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(who assume responsibility for 47%). There are a variety of alternatives for achieving 
compliance with these requirements.
It must also be stressed that each of the European states are drawing up their own responses 
to the Directive, and these are often completely different in structure. It is essential that the 
response of Borax, which sells and operates throughout Europe, is based on sound 
environmental knowledge, and does not just focus on compliance with the variety of 
recycling obligations put before it. The current philosophy is that it would be as well to look 
for the optimum solution now, rather than wait for legislation to synchronise or tighten 
towards an optimum position in the future.
1.4.2.4 Interpretation
Once the necessary data has been gathered it will be possible to make judgements on 
priorities for action which will be better informed than they would be without such data. A 
variety of factors must be taken into account when determining priorities for environmental 
programmes. These include corporate commitments, such as zero lost time accidents. If this is 
a high ranking corporate objective then this is an area which will command resource. If there 
is a commitment to go beyond compliance in regulatory affairs then those projects which will 
improve regulatory positioning will be prioritised.
However, environmental significance can also be used as an objective setting tool. The 
collection of inventory data can then be used to determine influence on a number of 
environmental classification areas. The University of Leiden’s Centre for Environmental 
Science includes:
• Abiotic Depletion
• Energy Depletion
• Global Warming Potential
• Photochemical Oxidant Formation
• Acidification Potential
• Human Toxicity
• Ecotoxicity (Aquatic)
• Ecotoxicity (Terrestrial)
• Nutrification Potential
• Ozone Depletion Potential
PIRA’s PEMS Database includes:
• Fossil Reserve Depletion
• Greenhouse Contribution (Direct)
• Greenhouse Contribution (Indirect)
• Ozone Depletion
• Acidification
• Nutrification
• Photochemical Smog
• Human Toxicity
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• Landfill Volume
For example, carbon dioxide could be classified as a contributor to global warming with an 
index value of 1, methane would also be classified as a contributor to global warming but 
with a much higher index value of 11. This methodology would allow the various emissions 
and resource demands associated with production and distribution within Borax Europe to be 
quantified and assigned to various environmental themes.
The next stage will be classification of activities through their environmental impact. This is 
done through weighting the importance of the environmental themes. For example, if fossil 
fuel depletion is considered to have a higher significance, as an issue, than nutrification, for 
example, then the weighting factors given should be assigned accordingly, with fossil fuel 
depletion given a weighting of 0.35 to nutrification’s 0.1 out of a total of 1.00. Thereafter, 
each theme can be ranked according to where Borax Europe operations have their greatest 
impact.
This methodology should provide Borax Europe with the necessary data and tools to develop 
objectives and targets for action in the strategic plans. It provides the methodology to 
investigate changes in how product is produced, packaged and distributed to determine ways 
in which environmental impact could be reduced. The thesis being explored is that formal 
environmental management systems allow companies to deliver genuine improvements in 
environmental performance. However, systems such as ISO 14001 do not express how to 
measure significance when reviewing environmental issues. It is proposed that this 
framework should help organisations bridge that gap.
Progress Review 3 -  Six Monthly Review o f  Eng.D Progress (October 1996 to March 1997).
6MR3. 11
6MR 4. 24 Month Dissertation 
Contents
1. PREFACE........................................................................................................................................3
1.1 G o a l s , Objectives a n d  Resear ch  M eth o d o lo g ies ..............................................................................3
1.1.1 Boron in the Environment............................................................................................................................. 3
1.1.2 Environmental Management and Reporting...........................................................................................3
1.1.3 Clean Technology and Life Cycle Assessment........................................................................................3
1.2 T h e  L ikely  Co ntr ibutio n  to  Kn o w l e d g e ................................................................................................. 3
1.3 P u b l ic a t io n s ............................................................................................................................................................ 4
1.3.1 Confirmed Publications...................................................................................................................................4
1.3.2 Planned Publications......................................................................................................................................4
1.3.3 Provisional Publications................................................................................................................................4
1.3.4 Target Publications.......................................................................................................................................... 4
2. OVERVIEW....................................................................................................................................5
2.1 Su m m a r y ......................................................................................................................................................................5
2 .2  P ro g ram m e  o v e r v ie w ..........................................................................................................................................6
2.2.1 Time-scales...........................................................................................................................................................7
3. PROGRESS DURING THE FIRST TWO YEARS.....................................................................8
3.1 B o ro n  in  the En v ir o n m e n t .....................................................................   8
3.1.1 Anthropogenic movement o f  boron ............................................................................................................8
3.1.1.1 Boron Mining and Processing................................................................................................................ 8
3.1.1.2 Commercial Boron-Based Product Manufacturing.......................................................................... .8
3.1.2 Natural movement o f  boron........................................................................................................................ 10
3.1.3 Mass flow  schematic......................................................................................................................................10
3.1.4 Conclusions.......................................................................................................................................................12
3.1.4.1 Contribution to the Field o f Study...................................................................................................... 13
3.2 Env ir o n m e n t a l  M a n a g e m e n t  a n d  Re p o r t in g .....................................................................................14
3.2.1 The Purpose and Benefits o f  an Environmental Management System to Borax......................14
3.2.2 Review o f  Company Structures, Systems and Approaches to Environmental Management 
15
3.2.3 Culture Change at Borax..............................................................................................................................16
3.2.3.1 Recognition o f the Need to Change....................................................................................................16
3.2.3.2 Understanding What Needs to Change and How to Bring it About..............................................16
3.2.3.3 Organisational Systems and Changes o f Routine............................................................................. 17
3.2.3.4 Political A ctivity.....................................................................................................................................17
3.2.3.5 Symbolic A ctivity...................................................................................................................................18
3.2.4 Conclusions.......................................................................................................................................................18
4. FUTURE WORK...............  20
4.1 En v ir o n m en ta l  B u r d e n  M e t h o d o lo g y .................................................................................................. 21
4.1.1 Current Moves Towards Environmental Burden Methodology..................................................... 21
ICI Environmental Burden Method......................................................................................................................... 24
4.1.1.2 Unilever Environmental Imprint Method...........................................................................................24
4.1.1.3 Economic Variables....................................................................................................................   26
4 .2  P ro po sed  R e s e a r c h ............................................................................................................................................ 28
4.2.1 Biodiversity........................................................................................................................................................28
Progress Review 4 - 2 4  Month Dissertation
6M R4.42 A
4.2.2 Economic Added Value and Sustainability.........................................................................................29
4.2.3 Distance to Target........................................................................................................................................32
4.3  S u m m a r y  of Ob je c t iv es .................................................................................................................................... 33
4.3.1 Rio Tinto Borax Europe............................................................................................................................. 33
4.3.2 Rio Tinto.......................................................................................................................................................... 34
4 .4  A c tio n  Pl a n ............................................................................................................................................................ 34
5. REFLECTION ON HOW THE PROJECT MEETS THE REQUIREMENTS OF THE 
ENGD..................................................................................................................................................... 36
5.1 En g in e er in g  D octo rate  Co m pa tib il ity .................................................................................................. 36
5.2 En v ir o n m e n t a l  Tec h n o lo g y  Co m patibility ........................................................................................ 36
5.3 B r u n e l  /  Su r r e y  En g D  Co m patibility ...................................................................................................... 36
5.4  P u b l ic a t io n s ...........................................................................................................................................................37
5.4.1 Confirmed Publications..............................................................................................................................37
5.4.2 Planned Publications.................................................................................................................................37
5.4.3 Provisional Publications...........................................................................................................................37
5.4.4 Target Publications..................................................................................................................................... 37
6. SUPPLEMENTAL - INTERPRETATION OF THE REQUIREMENTS OF THE BRUNEL 
/ SURREY ENGINEERING DOCTORATE PROGRAMME IN ENVIRONMENTAL 
TECHNOLOGY....................................................................................................................................38
6.1 W h a t  is a n  Eng ineerin g  D o cto rate  in  En v ir o n m en ta l  Tec h n o lo g y? ................................. 38
6.1.1 The Engineering Doctorate (EngD)......................................................................................................38
6.1.2 Definition o f  Environmental Technology’.........................................................................................38
6.2 En g D  P ro g ram m e  Obje c t iv es ........................................................................................................................39
7. SUPPLEMENTAL - SUMMARY OF MASS RESERVOIR AND MASS FLOW 
CALCULATIONS FOR NATURAL MOVEMENT OF BORON...................................................40
7.1 B o ro n  in  Th e  Ea r t h ’s C r u st ......................................................................................................................... 40
7.2  B o ro n  in  th e  H yd ro lo g ic al  Cy c l e ..........................................................................................................40
7.3 B o ro n  in  O rg anic  System s  a n d  Fo ssil  Fu e l s ...................................................................................... 41
7.4  B o ro n  in  So il s ....................................................................................................................................................... 42
Figures
F igure  1: Schem atic  Su m m a r y  of A nthropogenic  B o ro n  M a s s  Fl o w s .................................................... 9
F igure  2: B o ro n  M a s s  F low  S c h e m a t ic ................................................................................................................... 11
F igure  3: M ec h a n ism s  a n d  Pro cesses fo r  M a n a g in g  Strategic  C h a n g e .............................................17
F igure  4: T he  relationsh ip betw een  the fina l  g o a l , the principles, the  a n a l y t ic a l  t o o l s ,
THE POLICY INSTRUMENTS AND THE DATA AS A FACTUAL B A SIS ..................................................................22
F igure  5 : R e a so n s  fo r  co nserv ing  biological  d iv er sity ..............................................................................28
Tables
Ta b l e  1: G lo ba l  In d u st r ia l  B o ron  U se  V o lum e , to  N ea rest  5 ,000  To n n e s , 1 9 9 4 ° ..........................8
Ta b l e  2 : En v ir o n m e n t a l  Effects From  M ineral  Extra ctio n  Op e r a t io n s ......................................... 14
Ta b l e  3: D e fa u l t  list  o f im pact  categories fo r  life cycle  im pact a n a l y sis , to g eth er  w ith
THE SPATIAL SCOPE OF THE CATEGORIES...............................................................................................................23
Ta b l e  4  : En v ir o n m e n t a l  Im pact  Categories Co n sidered  b y  ICI a n d  U n il e v e r ............................. 25
Progress Review 4 - 2 4  Month Dissertation
6M R4.42
45
1. Preface
1.1 Goals, Objectives and Research Methodologies
The overall goals and objectives of the four year research programme, and a summary of the 
methodologies to be used, are divided into three areas as follows:
1.1.1 Boron in the Environment
The objective is to develop a global mass balance for boron in the environment, by 
identifying the reservoirs and flow systems that exist and then determining the magnitude of 
those flows. Particular emphasis will be placed upon establishing the relative significance of 
anthropogenic and natural systems.
1.1.2 Environmental Management and Reporting
The objective is to investigate the need for formal environmental management methodologies 
within Borax operations and determine the optimum format for management systems. The 
ethical justification for environmental management will be considered, together with the 
response of the mining industry to a changing environment. Formal environmental 
management systems will be assessed and the current practices of the Borax Group 
operations will be reviewed. Recommendations for change may be made, and any change 
process will be evaluated.
1.1.3 Clean Technology and Life Cycle Assessment
The objective is to develop an extension to life cycle assessment, known variously as 
‘environmental burden’ and ‘environmental imprint’, to include issues such as resource 
depletion, biodiversity, noise, and odour. The goal is to determine whether or not the use of 
economic variables such as added value in the assessment of environmental burden is 
consistent with sustainable development. If economic variables should not be used, the 
objective is to establish alternative criteria for assessing the relative significance of 
environmental burdens from different operations.
1.2 The Likely Contribution to Knowledge.
The development of a global mass balance for boron will represent a contribution to 
knowledge in itself. Previous work in this area has only investigated atmospheric boron 
flows, or has investigated concentrations of boron in particular systems, rather than 
quantifying the actual magnitude of those systems.
The development of environmental burden methodology will also represent a contribution to 
knowledge. Criteria such as resource depletion, biodiversity, noise and odour exist in life- 
cycle-assessment techniques, but as yet have not been successfully applied to environmental 
burden methods.
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The main contribution to knowledge in this area, however, lies in the assessment of economic 
variables currently used by pioneers in environmental burden approaches. It is contended that 
the use of added value, while possibly representative of the value humans ascribe to 
operations, does not consider the environmental costs associated with an activity, and 
therefore may not be consistent with sustainable development. This thesis will be 
investigated, together with alternative approaches such as distance-to-target, whereby changes 
are assessed against global target values.
1.3 Publications
1.3.1 Confirmed Publications
“Distribution of Boron in the Environment”. To be published in ‘Environmental Health 
Perspectives’ after 25th October 1997.
1.3.2 Planned Publications
“A Global Mass Balance For Boron”, Journal of Industrial Ecology.
1.3.3 Provisional Publications
“Gaining Commitment and Implementing Change, an example from the mining industry”, 
Journal of Business Strategy and the Environment.
1.3.4 Target Publications
“Essential Elements of Approaches to Environmental Burden”, Journal of Cleaner 
Production.
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2. Overview
The purpose of this dissertation, prepared at the two year stage, is to demonstrate why the 
body of work carried out thus far, together with the research planned for the next two years, is 
of engineering doctorate (EngD) standard and helps satisfy the objectives of the EngD 
programme.
A review of the work completed thus far will be carried out, together with an explanation of 
the work proposed for the next two years. Also, specific issues such as progress on modular 
courses, financial arrangements, intellectual property issues, publications policy, institution 
membership policy and supervisory arrangements will all be reviewed.
Section 6 (supplemental) contains an explanation of how the requirements of the EngD 
programme have been interpreted for this review, with the preferred definition of 
‘Environmental Technology’ to be used here being
“The totality of the means employed by a people to provide itself with the objects of material 
culture relating to or produced by the environment.”
2.1 Summary
The EngD in Environmental Technology has a number of distinct requirements and objectives 
but the core requirement, as with any submission for a research degree, is that a contribution 
to knowledge within the field of study (in this case: environmental technology) be made, 
communicated and refereed. The main body of this dissertation will reflect on progress to this 
end and how progress will continue over the next two years, and will reflect on progress 
towards the other requirements and objectives of the programme.
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2.2 Programme overview
Outlined below is the initial project brief for a four-year EngD in Environmental Technology, 
devised by the academic sponsor for this work: the Centre for Environmental Strategy at the 
University of Surrey; in conjunction with the industrial sponsor: Rio Tinto Borax Europe; and 
agreed to by the research engineer.
‘This four-year programme is intended to support the development of environmental 
management policies and practices in Borax, and to investigate the possibilities of applying 
the Clean Technology approach in some of the Borax operations. The programme contains a 
number of projects which are distinct but form a sequence of activities which will provide 
excellent broad experience for a Research Engineer and will also form a suitable basis for a 
final Portfolio.
A. Boron in the Environment
The environmental impacts and final fate of boron from anthropogenic activities will be 
examined and quantified, using appropriate pathway modelling and eco-toxicological 
assessment techniques. This area requires two levels of approach: a general ‘globalised’ 
examination of boron use and emission, and local analysis of boron flows and distributions in 
a specific river system.
B Environmental Management and Reporting
Given its multinational operations, Borax has a long-term programme of developing 
approaches to environmental management and reporting which can be applied throughout the 
Company, for example to demonstrate the year-on-year improvements in environmental 
performance required for external certification (e.g. under EMAS in Europe). This area of 
work would require review of different areas of the Company’s activities, including 
environmental audits of specific plants.
C. Clean Technology and Life Cycle Assessment
As a starting point, a Life Cycle Assessment (LCA) of a specific processing operation will be 
carried out, in order to identify the major environmental interventions, and where they arise, 
and to provide a basis for internal comparisons of different processes and plants within 
Borax. The ‘Clean Technology” approach will then be applied to review how the
environmental interventions might be reduced along with operating costs, for example, by 
containing and reusing water or avoiding its use in material handling.’
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2.2.1 Time-scales
The nature of this research programme requires that time be allocated with some flexibility to 
each project at the outset. Each of the three areas, in themselves, could warrant an entire 
doctoral programme so it was helpful to define approximate timing for each area.
Briefly, the intention from the outset, allowing for the demands of course-work and progress 
reviews, has been to conclude the first phase of the research before the end of the twelve 
month stage, preferably in eight months or less, to conclude the second phase by the twenty- 
four month stage, and to devote the balance of time to the third phase of the research.
These intentions have been satisfied, with sufficient time available to allow an exploratory 
research stage, examining processes and logistics within the European operations, to be 
undertaken before the formal commencement of the third phase of the research. As will be 
discussed, later, this has been a worthwhile exercise.
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3. Progress During the First Two Years
At this time the first two project areas - a mass balance for boron, and environmental 
management and reporting, have been completed. It is intended in this section to review the 
work carried out and reflect upon whether the objectives for this work have been satisfied.
3.1 Boron in the Environment
3.1.1 Anthropogenic movement of boron
One of the key objectives of this work has been to establish the importance of industrial 
activity and consumption of boron in the global system compared to the background natural 
processes. This has required an in-depth analysis of all the commercial applications using 
boron, the final fate of the products manufactured, and on the industrial processes involved, 
both in the extraction and refining of boron and in the production of boron-related products.
3.1.1.1 Boron Mining and Processing
Process research at Boron, California, has determined the level of losses during the mining 
and refining stage. Such data has not been made available by other organisations due to 
reasons of commercial sensitivity. If the data for Boron are assumed to apply to other 
processes, then the following mass values arise:
Global Commercial Borate Deposits: 
Boron Extracted Each Year:
Boron Not Recovered During Processing: 
Boron Yield:
30.75 to 64.4 million tonnes boron(1)
370.000 to 410,000 tonnes boron
60.000 to 100,000 tonnes boron
310.000 tonnes boron
3.1.1.2 Commercial Boron-Based Product Manufacturing
Each year just over 300,000 tonnes of boron is recovered from refined extracted deposits 
destined for the following main product groups:
Table 1: Global Industrial Boron Use Volume, to Nearest 5,000 Tonnes, 1994(2)
Insulation Fibreglass /  Textile Fibreglass / Borosilicate Glass 120,000
Ceramics 40,000
Detergents 60,000
Fertilisers 15,000
Cellulose Insulation 5,000
Distributors /  Other 70,000
TOTAL 310,000
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Some of this material is lost into the environment during manufacturing processes. The 
production processes involved in commercial manufacturing of boron-related products have 
been analysed and emissions determined.(3) It should be emphasised, however, that different 
manufacturers produce products in different ways and at different levels of efficiency across 
the planet. However, where absolute accuracy of data cannot be assured, a range of values 
has been established for material flows. The diagram overpage (Figure 1: Schematic 
Summary of Anthropogenic Boron Mass Flows) summarises boron mass flows arising from 
commercial activities.
Figure 1: Schematic Summary of Anthropogenic Boron Mass Flows
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Just under 70,000 tonnes of boron are designated for ‘other’ products. The majority of the 
boron in this sector is sold to distributors who then sell the boron on to small customer 
groups. Data is not available for this industrial group, so process losses for this group cannot 
be determined in this work. Boron remains in a soluble form in fertilisers and detergents, but 
becomes bonded into the ceramics, glass, and insulation product during the production phase.
To summarise, boron moves to atmosphere from stack emissions during the production of 
ceramics, glass and cellulose insulation; to water from the production of ceramics and 
fertilisers, and from the production and use of detergents; to soil from the use of fertilisers; 
and to landfill from borate processing, from the production of ceramics and detergents, and 
from the disposal after use of glassware, ceramics, insulation, and the ‘other’ applications. It 
is possible that the boron in landfill may find its way into the soil and water systems. Work by 
the US Army Corps of Engineers has determined that boron from sources such as coal ash is 
highly mobile in landfill,(4) so any non-bonded boron in unconfined landfill could move into 
the soil system.
3.1.2 Natural movement of boron
It has been shown that commercial processes are responsible for the movement of 
approximately 310,000 tonnes of boron each year, with around 10,000 tonnes going to 
atmosphere, 60,000 tonnes going to surface waters, 15,000 tonnes going directly to soils as 
fertiliser, and the difference, some 225,000 tonnes going to landfills and tips. Specific figures 
are shown in the mass balance schematic (
Figure 2: Boron Mass Flow Schematic). How significant are these values when compared 
with natural processes?
For the purposes of this dissertation, the findings alone for natural systems will be introduced. 
Section 7 (supplemental) provides an explanation for each of the themes and how the ranges 
of values were determined. The main systems identified and analysed were: tectonic systems, 
the hydrological cycle and organic systems.
3.1.3 Mass flow schematic
The diagram overpage (
Figure 2) illustrates the major flows and reservoirs identified and analysed in the course of 
this research.
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3.1.4 Conclusions
Several conclusions can be drawn from the data on boron flows:
1. By the far the most dominant flows of boron arise from the movement of boron into the 
atmosphere from oceans.
2. Boron mining represents a flow of boron out of the ground of a similar order of magnitude 
to volcanic eruptions, with boron mining estimated to represent a flow of approximately 4 * 
108 kg boron and volcanic eruptions estimated to represent a flow of around 3 * 108 kg boron 
per year.
3. Coal mining represents a boron flow from the ground of similar magnitude to boron 
mining and volcanoes, with between 5 * 107 kg and 6 * 108 kg boron removed in coal each 
year.
4. Anthropogenic activity associated with the conversion of borates to commercial products 
and the consumption of such products represent boron flows of orders of magnitude far lower 
than those associated with natural processes. Industrial activity such as glass products 
production, ceramics production etc., represent flows of boron to atmosphere of 
approximately 1 * 107 kg, a small percentage (<0.56%) of the total boron flows to the 
atmosphere of between 1.8 * 109 kg and 5.3 * 109 kg per year.
5. Process losses from industry and the use of detergents represent flows to aqueous systems 
of approximately 5.3 * 107 kg per year. Drainage into the sea from rivers and ground-waters 
is estimated to represent anything from 3.9 * 108 kg to as much as 1 * 1010 kg of boron per 
year, much of which is boron which was previously moved into atmosphere from the seas by 
natural processes.
It would be unscientific to draw anything more than broad conclusions from the data. The 
mass of boron in the crusts can be seen to be extremely large, but the data used to generate 
these figures is so speculative that the magnitude of boron in the crusts could vary by a factor 
of ten in either direction, an error which is larger than the sum of all the other reservoirs. The 
data for the continental and oceanic crusts is useful, however, in that it shows that these 
systems are so large that the earth’s surface can, in fact, be considered a homogeneous mass. 
Borate deposits are substantial, but they are in the region of being of a magnitude one 
hundred million times less than in the crusts as a whole.
It must be recognised at all times when evaluating the mass values presented that there is 
insufficient data to define mass values with errors of less than ten percent. The mass of boron 
present in any given reservoir is obtained by multiplying together the mass of the reservoir 
and the concentration at which boron is present in this reservoir. Errors are brought into these 
calculations where accurate data for either, or both, these variables is not available.
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3.1.4.1 Contribution to the Field of Study
A contribution to the field of study has been made: previous investigations considering mass 
flows of boron were limited to observations about boron in atmospheric systems.5,6 The use of 
contemporary industrial emissions data for boron has enabled these previous works to be 
brought up to date, and the development of an initial balance for a global system represents 
novelty in its own right. Nonetheless, it should be understood that there are substantial errors 
associated with the mass reservoirs and flows.
The research engineer has been invited to present a summary of this research project and its 
findings to the Second International Boron Symposium, to be held at The University of 
California, Irvine, October 22nd to October 24th 1997. This symposium will provide an 
opportunity to review the work and its merits with a delegation of experts currently engaged 
in research concerning boron in the environment. As a consequence, the paper presented, 
“Distribution of Boron in the Environment”, will be published in the journal, ‘Environmental 
Health Perspectives’ in the USA. A number of the authors of studies referred to in the course 
of this work will be among the delegates at this symposium.
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3.2 Environmental Management and Reporting
The objective of this second project area was to identify how the Borax group could introduce 
improvements in its environmental management programme. Specific themes were developed 
for investigation in this work. They include the purpose and benefits of sound environmental 
management, the different approaches which exist and their advantages and disadvantages. 
Once these themes were reviewed fieldwork was required to generate an understanding of the 
operations and the specific issues faced at each operating location.
3.2.1 The Purpose and Benefits of an Environmental Management System to Borax.
The changing business environment and the business need for environmental management 
were reviewed, based on the position of Johnson and Scholes (1993):
“Values of society change and adjust over time, and, therefore policies which were acceptable 
twenty years ago may not be so today. There has been an increasing trend within many 
countries for the activities of companies to be constrained by legislation, public opinion and 
the media... Companies which operate internationally have the added problem of coping with 
the very different standards and expectations of the various countries in which they operate.”7
A review of the ethical issues involved in business responsibility to the environment was 
carried out, considering the question posed by Chryssides and Kaler (1993),
“All business, (indeed all human) activity uses resources and has impacts upon the 
environment. How, if at all, should business act to limit the use of resources and the impact 
upon the environment?”8
Various ethical perspectives, including that of the employee as agent of the shareholders,9,10 
ethical egoism,11,12,13 justice,14 appropriate technology,15,16,17 environmental stewardship and 
sustainable development,18,19 and the categorical imperative20 are discussed.
A discussion of the need for environmental management in the mining industry is included, 
covering wider industrial issues such as the increasing prominence of the environment as a 
general issue due to six major factors:
1. Scientific evidence of specific aspects of environmental damage
2. Increasing public awareness of environmental issues
3. Greater satisfaction of basic needs
4. Increasingly stringent pollution control measures
5. The trend to externalise environmental costs through taxes and charges
6. Growing emphasis on environmental matters in education.21
Industry specific issues related to the mining industry are also covered, including the 
environmental effects of minerals operations and the response of the mining industry to the 
changing business environment regarding environmental issues. Richards (1996)22 outlines 
the environmental effects of the mining phase of minerals operations:
Table 2 : Environmental Effects From Mineral Extraction Operations23
Soil stripping and storage ji Loss of habitats, agricultural land, archaeological features
i Visual effects
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| Dust
| Gases from vehicle exhausts 
I Effects on stored soils ”””
I Effects on water courses and aquatic organisms 
I  Energy consumption effects
Overburden extraction and storage | Land take for storage mounds 
j Visual effects 
: Noise 
: Dust
i Loss of archaeological features 
1 Gases from vehicle exhausts 
1 Energy consumption effects
Dewatering ; Drawdown effects: ecological: impacts on water resources 
j Discharge effects: on water courses; aquatic organisms: water supply 
| Effects on cessation of pumping: mine-water discharges
Mineral extraction ! Visual effects 
j Noise
[ Vibration (from blasting) 
j Dust
i Loss of geological features 
1 Gases from vehicle exhausts 
i Energy consumption effects
On-site transport i Visual effects 
i Noise 
Dust 
; Vibration
| Gases from vehicle exhausts 
j Energy consumption effects
Backfilling j Similar to overburden extraction in reverse
Restoration j Similar to soil stripping in reverse
In addition the processing and distribution activities which follow from the extraction phase 
will also have attendant environmental issues. Energy consumption in processing, together 
with any process losses of materials, and the environmental effects of a transportation system 
which relies heavily on the road network must also be considered.
3.2.2 Review of Company Structures, Systems and Approaches to Environmental 
Management
The major body of the work carried out focuses upon the different internationally recognised 
approaches to environmental management, particularly the Eco-Management and Audit 
Scheme (EMAS) and the International Organisation for Standardisation’s ISO 14001:1996. 
Both are formal management systems based upon the principles of Plan, Do, Check, Act.
Section 3 of Project Document 3 -  Environmental Management Systems in A Global Mining 
Company -  (see Vol.3 PD3) provides a more detailed review of the origins and nature of the 
main environmental management system standards. Each is based upon the principles of 
continuous improvement. A company environmental policy is formulated, providing a 
statement of intent for the organisation. A review is carried out to examine the most important 
environmental issues arising from the organisation’s activities, and to gain an understanding 
of the legal requirements the organisation must meet. An environmental management 
programme is then established, with objectives and targets defined, management structure and 
responsibility set, action plans developed and operating, communication and training
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procedures established. Review mechanisms are implemented to audit the systems and 
manage preventative and corrective action. All these systems require thorough 
documentation.
Fieldwork was carried out in the form of site visits to determine the extent to which such 
systems were implemented throughout the Borax Group: at the four mines in Argentina and 
USA, the four chemical processing operations in Argentina, France and USA, the six 
materials handling and distribution activities in Spain, Netherlands, France, UK, USA and 
Argentina, and the technical centres in UK and USA. Appendix 6 provides an example of the 
fieldwork findings, in this case for Borax Argentina (see Vol.4 APD6).
Once the review was complete a management meeting was organised in the Netherlands, 
attended by the research engineer and EHS managers from all the operating companies. Also 
present were representatives of Rio Tinto corporate EHS, Borax corporate EHS, a number of 
the group company managing directors, a number of the group company production 
managers, and the European director of operations and distribution. The findings were 
reviewed and a decision was taken to proceed with the implementation of an environmental 
management system across the Group.
3.2.3 Culture Change at Borax.
Implementing a formal environmental management system requires a change in philosophy 
from compliance with legislation to continuous improvement beyond legislation. This process 
has required a recognition of the need to change and has required activity to bring the change 
about.
3.2.3.1 Recognition o f the Need to Change
The Borax response to the increasing influence of external drivers has been to realise that the 
historical approach to environment, health and safety, that of systems based around 
compliance with local, national, and international regulations, will be unable to satisfy the 
increasingly well informed interest groups in the immediate future. In addition to this, there is 
an internal recognition that good environmental performance will be critical for business 
success. Ultimately, one could argue that Borax will need to be able to demonstrate its 
contribution to sustainability, not straightforward for a minerals extraction group, but moving 
from a compliance approach to a continuous improvement approach in itself represents a 
substantial shift in outlook by the organisation.
3.2.3.2 Understanding What Needs to Change and How to Bring it About
Once one understands that there is a need to change, the next step is to identify what needs to 
change. Then one must identify how to go about it. The way Borax looks at its surroundings 
and the ways in which it interacts with them will be shaped by the way in which the 
organisation is arranged. Particularly important will be organisational structures - whether 
they are hierarchical or flat, control systems - how targets are agreed, set and progress 
monitored, together with how corrective action is initiated, and power structures - both 
formal and informal arrangements of authority and influence within the group.
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Equally important are more intangible forces such as rituals and routines, symbols such as 
offices and company car allocation, and the stories told by members of staff to each other, to 
new members, and to people outside the organisation; all indicate the behaviour regarded as 
acceptable and unacceptable by the organisation. The resulting outlook and approach has 
been variously referred to as a ‘cultural web’, or an ‘organisational paradigm’.24,25
If the paradigm is going to change, then it must be reshaped by a number of forces. These will 
include symbolic and political activity and also changes in organisational systems and 
routines, as illustrated in Figure 3.
Figure 3: Mechanisms and Processes for Managing Strategic Change26
Symbolic activity
Political activityChanges of 
routine
Organisational
StructuresControls
Human resource policies
3.2.3.3 Organisational Systems and Changes o f Routine
The first of the paradigm shapers targeted was changes to organisational systems, as 
represented by the requirements of the formal management systems.
3.2.3.4 Political A ctivity
It was determined at an early stage that a champion to drive the process through would be 
helpful, to act as a catalyst. The perception within the EHS group was that if the changes they 
envisaged were to achieve their full potential, they had to be seen as a corporate project, 
rather than a project owned and organised by the EHS management. This involved recruiting 
a champion to move the project to the boardroom. Discussion with the EHS managers 
involved with the project reveals that the credibility of the champion is seen as the most 
important factor in the process. The champion upon whom the greatest effort was exerted to 
gain interest, commitment and involvement, was the director of operations for Europe, who 
had previously been vice-president in the US operations with responsibility for mine and 
plant activities .
The reasons for the success of this individual can be attributed to his position - a member of 
the board to whom the managing directors of the Group companies reported directly - and to 
his credibility beyond his position - this individual, as a former senior manager in the US,
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could convince colleagues from US operations of the benefits of change where perhaps others 
from Europe might not.
3.2.3.5 Symbolic Activity
Symbolic activity subsequently became very important - the involvement of managing 
directors in safety audits for example, helps promote changes as a group issue. In the future 
this activity will continue to be important - successes must be celebrated and rewarded to 
reinforce their importance in people’s minds.
3.2.4 Conclusions
Borax is still in the early stages of deploying formal environmental management systems, but 
is already learning much about how best to manage the process. Those involved feel that 
early commitment by senior management and group involvement in that decision were 
successful. However, the group continues to learn how to accelerate its decision making 
process without diminishing the quality and durability of the decisions taken.
Examples will include delegating responsibility for investigating options to members of the 
team who can then report back with proposals to the group, rather than the entire group 
starting from first principles and struggling through the process together. Improving the 
visible involvement of corporate leadership remains a priority, since the leader of an 
organisation will represent those activities which are core to the organisation and those which 
are not, more than any number of procedures and systems.
It is possible to draw a number of conclusions which are relevant beyond the specific 
circumstances of this particular example. Borax have learned through their experience thus 
far that culture and communication remain the most significant obstacles to progress in a 
multi-national organisation, particularly where different cultures have different priorities 
within the framework of an environmental management system. It may be that it is not 
possible for Borax to implement a group-wide system which works at each operating location, 
yet there may be generic aspects of systems which should be adopted throughout the group - 
methodology for determining environmental significance being critical.
The attributes of the champion for the project - excellent communication skills, wide ranging 
experience within the organisation with relevant knowledge of other operations in the 
business sector, knowledge of EHS issues from an operations and a corporate perspective, 
and credibility with those who needed to be persuaded of the benefits - may be important in 
any organisation attempting to change direction and culture regarding environment, health 
and safety.
In recent years a number of major organisations have felt compelled to review their cultures 
and management systems in the wake of corporate shocks of one kind or another: Exxon after 
the Valdez oil spill of the coast of Alaska, Shell after Brent Spar and the ongoing dispute with 
the Ogoni in Nigeria. These shocks need not be specific to environmental issues: ICI 
continues to restructure and redefine itself seven years after Lord Hanson expressed an 
interest in taking over the company, and Unilever found it needed to re-examine its culture 
after its abortive launch of Persil Power.
Progress Review 4 - 2 4  Month Dissertation
6MR4. 18
These examples have focused the attention of other companies, Borax included, who 
recognised that the absence of major incidents in their operations thus far was no guarantee 
that they had the necessary systems to prevent incidents occurring. This has provided the 
impetus to examine the entire culture of the organisation and to recognise the need to change 
the approach from compliance to continuous improvement. While challenging, such an 
exercise is more likely to bring long term business benefit than attempting to maintain the 
status-quo.
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4. Future Work
In the initial project outline, it was envisaged that the final two years would be spent 
conducting a life cycle analysis (LCA) of specific Borax operations in order to identify the 
major environmental interventions, compare these between the sites, and then attempt to 
implement a ‘Clean Technology’ approach to the activities. As events have evolved, it has 
already been possible to initiate some of the work which would play a part in an assessment 
of the environmental interventions within specific activities. These include an energy audit 
and a transport audit of the European operations, conducted during April 1997.
Essentially, Borax Europe operations entail materials handling and distribution, with some 
chemical processing at one of the sites. It could be inferred from this that process energy and 
logistics will be important factors in any life-cycle-analysis. Accordingly a review of the 
entire logistics activity was conducted, gathering shipment information and geographical 
information to determine the volume of shipments, their destination and the mode, or modes 
of transport, involved. At the present time the analysis of this information has been initiated 
through the use of the Simapro® LCA system, in the first instance, to calculate the 
environmental impact of the modes of transport used.
A process energy audit has been conducted, gathering process information through field-work 
at each of the operating sites to determine how much energy is used in each activity in the 
operations, and the sources of energy used - electricity, gas, oil, etc. Interpretation of the data 
will involve an assessment using LCA software such as PEMS 4.0®. The data analysis and 
communication phase of this work is scheduled to take place during the months of November 
and December 1997.
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4.1 Environmental Burden Methodology
4.1.1 Current Moves Towards Environmental Burden Methodology
During the past twelve months a number of companies have become increasingly aware of a 
need to go beyond reporting quantitative emissions data in their environmental 
communications. The objective is to produce a methodology which allows potential harm to 
people and the environment from activities to be assessed and acted upon. Imperial Chemical 
Industries were one of the first major companies to make a public statement of intent in this 
regard. Launching their ‘Environmental Burden Approach’ as a technique to rank the 
potential impacts of their emissions, they state that,
“We believe this method helps improve our environmental management and reporting 
because it will:
• Provide a more meaningful picture of the potential impact of our emissions from our 
operations compared with the customary practice of merely reporting the weights of 
substances discharged
• Help us to identify the most harmful emissions and reduce these first
• Give the public a better understanding of the potential problems associated with the 
emissions and show how we continue to reduce the potential impact of our wastes.”27
Such an approach is a step towards the application of life cycle assessment (LCA) which Udo 
de Haas (1996) suggests can be used as a tool to help in the development of sustainable 
practices, as illustrated in the diagram overpage (Figure 4).
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Figure 4: The relationship between the final goal, the principles, the analytical tools, the
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LCA itself is described by Fava et al. (1993) as a process to evaluate the resource 
consumption and environmental burdens associated with a product, process or activity, as 
well as their impacts on the environment.29 Jackson (1996)30, drawing on work from 
SETAC31, describes the following five stages for LCA:
1. Goal Definition
• define the system under consideration
• identify the system boundary
• identify the purpose of the assessment (policy, engineering, economic)
2. Inventory
• identify and quantify resource requirements
• identify and quantify environmental emissions
3. Classification
• assess the contribution of resource requirements to resource depletion
• assess the contribution of environmental emissions to environmental burdens
4. Valuation
• assess the relative importance of environmental burdens and resource demands
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• assess the reliability of results and sensitivity to key parameters
5. Improvement
• use the results of the exercise to identify environmental improvements, use of new 
technologies, or changes in practice.32
In order to conduct an environmental burden assessment impact categories must be devised 
against which to assess environmental impact from activities. A useful starting point would be 
the default list suggested by the CML at Leiden University who have subdivided 
environmental impacts into the following categories33:
Table 3: Default list of impact categories for life cycle impact analysis, together with the 
spatial scope of the categories
Abiotic R esources Depletion and Competition G lobal.............. .............. .......... j
Biotic R esources Depletion and Competition Global
Land U se Local |
Global Warming Global
Depletion of Stratospheric O zone Global
Human Toxicological Impacts Global, Regional, Local j
Eco-toxicological Impacts Global, Regional, Local |
Photo-oxidant Formation Regional, Local j
Acidification Regional, Local |
Eutrophication (including BOD and Heat) Regional, Local j
Odour Local |
Noise Local |
Radiation Regional, Local |
Casualties Local 1
The principle of environmental burden assessment, as envisaged by ICI, is to gather data on 
environmental interventions, and then quantify the potential impact of those interventions 
against specified environmental impact categories. Quantifying those burdens would require 
an assessment using environmental classification databases such as that devised by the Centre 
for Environmental Science at Leiden University (CML) which provides comparative data on 
the potential impact of different chemicals upon categories such as global warming, 
acidification, photochemical smog formation, abiotic resource depletion, human toxicity, 
aquatic toxicity, as examples.34
The purpose of environmental burden assessment, for ICI, is to enable a global organisation 
to implement a system of communicating environmental issues which are not constrained by 
local compliance issues, and represent the global activities, rather than reporting group issues 
on a location by location basis.
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4.1.1.1 ICI Environmental Burden Method
ICI use the example of atmospheric acidification to explain how their method operates.
1. Weight of Emission (W)
Firstly, ICI take the weight, in tonnes, of each of their substance emissions which have the 
potential to impact upon atmospheric acidification.
2. Potency Factor (PF)
Secondly, ICI ascribe a potency factor to each emission. Sulphur dioxide is used as the 
reference substance, with a potency factor 1. Ammonia is given a potency factor of 1.88, 
or 1.88 tonnes S02 equivalent. Nitrogen dioxide gets a potency factor of 0.7, reflecting the 
view that it has a lower potency, regarding atmospheric acidification potential, than 
sulphur dioxide.
3. Environmental Burden (EB)
Thirdly, ICI multiply the weight of emission by the potency factor to give a value for the total
environmental burden for atmospheric acidification:
Ammonia 20 1.88 37.60
Hydrogen Chloride 3 0.88 2.64
Nitrogen Dioxide 4 0.70 2.80
Sulphur Dioxide 5 1.00 5.00
In this example the total environmental burden to atmospheric acidification is 48.04 units S02 
equivalent.
In the case of ICI, the categories chosen are acidity (atmospheric acidification and acids to 
water), global warming, human health effects, ozone depletion, photochemical ozone 
creation, aquatic oxygen demand, aquatic ecotoxicity (metals and their compounds, other 
substances)35. They emphasise that one can only assess impacts for each category separately, 
one cannot and should not aggregate the categories to give an overall burden value36, since 
each uses different reference values.
4.1.1.2 Unilever Environmental Imprint Method
Unilever, like ICI, increasingly recognise that,
“As we understand more about our (Unilever’s) environmental impact, it is clear to us 
that we need to take a broader perspective, and generate a greater determination to 
seek out new solutions.”37
Unilever have taken the environmental burden approach further than ICI, in that they are 
looking at economic variables, and are also endeavouring to consider the whole life cycle of 
their products, back up the supply through the ingredient supply chain and right down to 
ultimate disposal, in their case.38
In the first instance, Unilever reviewed major recognised environmental issues which could 
be quantified upon which they were confident there was some scientific agreement. They
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chose eight categories - energy, global warming, acidification, human toxicity (air), 
photochemical smog, ozone depletion, nullification, solid waste1.
Table 4 compares the categories chosen by ICI and Unilever with reference to the default list 
presented earlier (See Table 3: Default list of impact categories for life cycle impact analysis, 
together with the spatial scope of the categories).
Table 4 : Environmental Impact Categories Considered by ICI and Unilever
Abiotic R esources Depletion and 
Competition
No Y esH
Biotic R esources Depletion and 
Competition
No No
Land U se No No
Global Warming Y es Y es
Depletion of Stratospheric O zone Y es Y es
Human Toxicological Impacts Y es Y esiM
Eco-toxicological Impacts Y esiv No
Photo-oxidant Formation Y es Y es
Acidification Y es Y es
Eutrophication (including BOD and Heat) Y esv lndirectlyvi
Odour No No
N oise No No
Radiation No No
Casualties No No
Unilever collected life cycle data on their products and raw materials and aggregated them, 
followed by a conversion to potential environmental impacts on a global scale. Once this was 
done the information was compared with Unilever’s contribution to global GDP, providing an 
index comparing potential impact with economic value added. Unilever then sub-divided their 
operations into four business categories: industrial, homecare, personal care, and foods, and 
repeated the analysis; comparing environmental burden in each theme by each business 
category with added value provided by each business category.
Unilever conclude from their analysis of this information that,
“In most areas, Unilever’s overall environmental impact is roughly in line with its 
economic value added. However, we make a disproportionate contribution to the total 
of photochemical smog and nutrification.”39
I Both Unilever and ICI record solid waste data, although solid waste is not a category in the default 
list. However, ICI do not ascribe an environmental burden to their waste data.
II Unilever’s approach uses ‘energy’ as a category, and includes the resources needed to produce energy 
and the emissions to air produced as a result o f energy production in a product life cycle.
III In the Unilever approach human toxicity is restricted to airborne toxins.
lv ICI restrict their eco-toxicological analysis to aquatic systems.
v ICI only examine aquatic oxygen demand in this category.
VI In fact, Unilever prefer to address ‘nutrification’ in their analysis.
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By breaking the figures down to compare the burdens against added value by business 
category, Unilever have found that in the case of nutrification, as an example, that while their 
food businesses and their home-care businesses have similar environmental burdens, the 
environmental impact relative to economic added value is much greater for homecare than it 
is for foods.40
4.1.1.3 Economic Variables
Using economic variables in environmental imprint assessment is an interesting application of 
ideas discussed by Behmanesh et al. (1993)41. They discuss approaches to normalising levels 
of pollution to take account of levels of industrial activity. The objective of such an approach 
is to help overcome the difficulty when assessing progress in pollution prevention introduced 
by changes in levels of industrial activity. Behmanesh et al. argue that,
“Measures of pollution, normalised to levels of industrial activity (i.e., emissions/ 
production), would enable decision makers to track emissions over time and identify 
facilities that are making great, little, or no progress in pollution prevention, despite 
changes in economic conditions.”42
The pollution data they use is that reported through the Toxic Release Inventory (TRI) and 
they assess the ranking of various industries, such as chemical and allied products, primary 
metal industries, paper and allied products, as examples, in terms of their total release of TRI 
class materials. They then calculate six ratios:
1. Total release / Total no. of employees
2. Total release / Payroll
3. Total release / Number of production employees
4. Total release / Wages of production employees
5. Total release / Value added by manufacturer
6. Total release / Value of shipments.
The findings of the study included such factors that although the petroleum and coal products 
industry™ had only the ninth highest total emissions, they had the third highest ratio of 
emissions over value added among the twenty three industries in the study.
Using economic variables such as value added would provide a straightforward mechanism to 
compare contributions to environmental themes across a range of industries. The first step is 
to identify which themes can be used in industry. Unilever thus far are using eight, ICI use 
seven (See
Table 4). Neither look at issues such as noise and odour which could be included in a study of 
potential environmental imprints. Noise maps for an industrial location, for example, are 
often integral to occupational health systems in industrial locations. Potential impact of noise 
could be assessed using such values as population exposed to noise above an agreed threshold 
value. These could be aggregated to give a global value for an organisation.
v" This refers to both extraction and subsequent processing.
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Resource depletion is not visited by either ICI or Unilever. In the case of abiotic resources the 
difficulty lies more in understanding exactly what known reserves of a material are than it 
does in determining how much resource is being used by an operation.
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4.2 Proposed Research
The application of environmental burden methodology is restricted to a small number of 
organisations, with Unilever and ICI the most public in their commitment to the approach. ICI 
feels that, “This is a dynamic area in which there are many developments.43 Unilever 
recognises that their approach “Is not perfect. We are still working on how best to include 
such issues as water use and biodiversity.”44
There is, then, a tremendous opportunity to develop an approach which would help take 
Unilever’s approach further, to include noise and odour, and to embrace such issues as 
resource depletion. It is the research engineer’s intention to carry out such work within the 
context of the mining industry, an industry which will have specialist knowledge of resource 
issues, and any analysis of their potential environmental impacts will be less than meaningful 
if issues such as resource depletion are not included.
4.2.1 Biodiversity
Biodiversity is a critical issue which must not be overlooked, particularly when one is 
discussing the mining industry.
As Clift and Fairclough (1994)45 explain, reasons for conserving biological diversity range 
from the utilitarian, to the aesthetic, to the ethical:
Figure 5 : Reasons for conserving biological diversity.
• Maintaining the largest number of species, and the largest possible number of varieties 
within species, provides important genetic resources for human development (food, 
medicines, pest resistant crops)
• The role of various species in the regulation of local, regional and global ecological systems 
is sometimes imperfectly understood, but crucial
• Safeguarding individual species, and their habitats, is as important as safeguarding works of 
art and beautiful buildings
• The beauty and power of nature have provided spiritual inspiration for human beings down 
the ages, with echoes in many major religions of the world today
• Human beings have no right, ethically, to determine the destiny of other species.
Source: Clift and Fairclough (1994). Page 18.
The operations of Rio Tinto, the largest constituent of the mining industry involve over 
40,000 hectares of disturbed land at the present time. The impact of these operations upon the 
biodiversity of their environs both during the life of the mine, and afterwards, needs to be 
addressed in any assessment of environmental burden. How one would go about measuring 
the effects upon biodiversity, however, is unclear. The work of Mary Stewart, who will be 
working at CSIRO over the next few years, will focus on this issue and should yield 
information which can then be used in an assessment of environmental burden from mining 
upon biodiversity.46
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Despite the need to expand the methodology proposed by Unilever to include issues such as 
resource depletion, noise, odour, biodiversity, and, potentially, water use, a greater failing in 
the methodology of Unilever and ICI is in the use of economic added value as an index 
against which to assess environmental impacts.
4.2.2 Economic Added Value and Sustainability
The use of economic criteria alone in assessing the seriousness of an environmental burden is 
inconsistent with long term environmental sustainability, since it is governed entirely by 
human judgements of economic value, rather than an assessment of environmental value. It is 
entirely utilitarian in its approach since economic added value is driven by the principles of 
utility.
The higher the utility then, as Douglas (1987) puts it, the greater “the psychic satisfaction, or 
feeling of well-being that a consumer derives from the consumption of goods and services.”47 
Total utility is the sum of all utility received by consumers from all goods and services 
consumed, and the outcome of the approach of Unilever will be to maximise human utility for 
a given environmental impact. The thesis of utilitarianism is that, “It is the usefulness of 
actions which determines their moral character rather than anything in the nature of the action 
itself.”48
Mill suggested that usefulness should be interpreted in terms of pleasure and that,
“Pleasure and freedom from pain are alone desirable as ends; all desirable things are 
therefore desirable either for the pleasure inherent in them, or as a means to the 
promotion of pleasure and the prevention of pain.”49 
Bentham preferred to think that “Utility is one thing only, it is happiness.”50
Utilitarians suggested that the concept of happiness should apply at the level of society. In 
other words, as Chryssides and Kaler explain,
“We should aim for the greatest happiness of the greatest number. In this our own 
happiness should have no priority. If our own happiness can only be enhanced by 
diminishing the total sum of happiness, then it must be sacrificed for the greater 
happiness.”51
The hedonistic response to these philosophies can be referred to as ethical egoism. In other 
words, the only happiness that an individual can measure is their own, and therefore, they will 
act to maximise it. As Margaret Thatcher has been quoted as saying, “There is no such thing 
as society - just individuals and their families”. The writing of Adam Smith has often been 
credited with providing an early definition of the benefit of such an approach. Smith 
suggested that,
“Every individual is continually exerting himself to find out the most advantageous 
employment for whatever capital he can command. It is his own advantage indeed, 
and not that of society, which he has in view. But the study of his own advantage 
naturally, or rather necessarily, leads him to prefer that employment which is most 
advantageous to the society.”52
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The thesis of this philosophy is that if every individual focuses their energies towards areas 
where their comparative advantage is greatest, and utilise resources as efficiently as possible 
in pursuit of individual profit, society as a whole must benefit. Those favouring sustainability 
would question this approach, arguing that there is a fundamental difference between using 
resources to maximise economic efficiency and using them to maximise environmental 
efficiency. There are two major difficulties with ethical egoism as seen from a sustainable 
perspective.
The first is that there are some resources which do not have an economic price attached. For 
example, how would the pollution absorbing capacity of the environment be priced? Who 
pays for pollution? There are some goods that, under a free market economic system are used 
by all but paid for by no-one. Which leads to the second difficulty with ethical egoism. No 
account is taken of future generations in the equation. Unrestrained use of resources and 
destruction of those resources which have no economic value at this present time, and the use 
of resources which do not have to be paid for at this present time, is unsustainable in the 
longer term.
As Neil Smith has argued,
“In its uncontrolled drive for universality, capitalism creates new barriers to its own 
future. It creates scarcity of needed resources, impoverishes the quality of those 
resources not yet devoured, breeds new diseases, develops a nuclear technology that 
threatens the future of all humanity, pollutes the entire environment that we must all 
consume in order to reproduce, and in the daily work process it threatens the very 
existence of those who produce the vital social wealth.”53
Those who believe the environment should be protected from an anthropocentric perspective 
feel that actions must not be assessed in terms of the consequences they have for the 
individual carrying them out, or in terms of the other members of the society of which they 
are part at the time. Consideration must be given to those generations that will come after a 
decision is taken, and who may well be the generations who have to carry the costs associated 
with an action carried out now.
A useful analogy here is the example of the lily in the pond. Imagine you have a lily in a 
pond, capable of doubling in size every day. You know that in thirty days the lily will cover 
the entire pond, and when that happens all the life in the pond will be killed through lack of 
sunlight or lack of oxygen. You also decide that you can afford to wait to act until the lake is 
half covered by lily because you have other important things to do and that the pond can 
function even when it is half covered with lily. At which day do you need to act? You need to 
act on the twenty-ninth day, and you’ll have to hurry when you do - you will only have one 
day left in which to save your pond.
It will cost very little to prune the lily each day to prevent it from ever growing to a size 
where it threatens the entire pond which supports it, and yet we choose to leave it alone until 
we have one day left and it will cost us a fortune to remove enough lily mass to prevent it 
from overwhelming the pond again the following day (arithmetic versus exponential increase) 
If we view the lily as pollution and each day as a human generation, the analogy becomes
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clear. It is not in the interests of ethical egoists on the first day to carry out any lily 
management, since they could expend their energies elsewhere with no real damage being 
caused to the lake. By the time the twenty-ninth generation come along, they will have to 
spend all of their effort trying to sort out the mess from the previous twenty eight days, and 
will have no time to pursue other interests.54
The problem is articulated by writers such as O’Riordan, who stresses that capitalism,
“Draws more from the environment than it returns yet does not pay for the loss of that 
environmental capital.”55 An alternative to the present free market system which requires 
continuous economic growth to function, is the possibility of sustainable development, 
described by Repetto as
“A development strategy that manages all assets: natural resources, and human 
resources, as well as financial and physical assets, for increasing long term wealth 
and well being. Sustainable development, as a goal, rejects policies and practices that 
support current living standards by depleting the productive base, including natural 
resources, and that leaves future generations with poorer prospects and greater risks 
than our own.”56
So from a utilitarian perspective, “The necessity of pursuing true happiness is the foundation 
of all liberty and the government of our passions is the right improvement of liberty.”57 
Pursuing an approach similar to that advocated by Unilever would lead to this position: it is in 
the interests of mankind, in the long term, to look after the environment, since failing to do so 
could have adverse consequences for current and future generations of mankind.
Pursuing sustainable solutions, however, requires an altogether different view of the 
environment and its value. Supporters of sustainability might reject anthropocentrist schools 
of thought when determining strategies to respond to environmental degradation, preferring a 
biocentric approach based on intrinsic value rather than use value in the environment.
A holistic view of the biosphere is preferred. The earth, it could be suggested, is not divided 
into humans on one hand and everything which is not human on the other. It is not possible to 
view the environment in this way. The earth can be viewed as a whole, with humans as part of 
the environment rather than outside of it.
Doing this requires an entirely different view of ethics. For a start, supporters of sustainability 
could be viewed as tending much more towards a deontological perspective than a 
teleological one. Deontology determines actions to be either right or wrong in themselves, 
regardless of the outcome of the actions. In other words,
“It is solely in the virtue of being an activity of a certain kind that the action is right 
or wrong ... Consequences play no part in deciding whether or not an action is right
. . c oor wrong.
The approach of philosophers like Immanuel Kant was to use absolute rules for morality. 
Acton states that,
“The various rules of Morality are based upon a Moral Law that is pure and a priori. 
It is pure in that it does not contain concepts borrowed from experience of the world
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and based upon natural inclinations, and it is a priori in that it is necessarily valid 
always and for everyone.”59
This approach divorces action from experience and consequence. Either an action, in itself, is 
right, or it is not. Kant defined this approach in terms of ‘the categorical imperative’, the 
supreme principle of morality. For an action to be accepted as ethical, according to Kant, it 
had to be universal, i.e., “Act only according to the maxim by which you can at the same time 
will that it should become a universal law.”60
So it had to be right at all times, without exception, for an action to be carried out.
If one takes the following categorical imperative from Kant,
“Act so that you treat humanity, whether in your own person or that of another, always as an 
end and never as a means only”61 and apply it to the biosphere, then one must,
“Act so that you treat the environment, whether in your own person or that of another part of 
the environment, always as an end and never as a means only.”
Using added value as a criterion against which to assess environmental burden appears to 
conflict with such a categorical imperative. Mining, in particular, has issues which are not 
easily reconciled with an index of added value, such as disturbance of the ecology at the mine 
site, and socio-cultural concerns such as mine siting on religious or culturally important 
locations.
4.2.3 Distance to Target
When considering environmental burdens, it may be preferable to consider a different index 
altogether, one which is consistent with sustainability, rather than anthropocentric judgements 
about added value™1. A possible alternative would require an assessment of the activity 
specific and aggregate environmental burdens from the organisation in terms of the 
contribution they make to total global environmental burden in the various categories. If this 
is not possible some form of distance-to-target calculation may be possible.
In the case of ozone depletion, for example, some form of scientific agreement may exist as 
to how much the total burden from ozone depleting releases must be in a sustainable context, 
compared to where they are now. If such agreement exists, then using environmental burden 
methodology will allow an assessment to be made of the contribution made by a particular 
operation to the global problem. Furthermore, any changes in levels of burden from an 
operation can be assessed in terms of their contribution towards target levels for 
sustainability.
V1" It will still be necessary to investigate non-added-value measures of human benefit.
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4.3 Summary of Objectives
Given the above discussion, the objectives for the next two years of this programme become 
more clear:
1. To expand the current approach to environmental burden to include:
• Noise
• Odour
• Resource depletion
• Land and water use
• Biodiversity*
2. To evaluate more fully the contribution to sustainable policies made by the use of 
economic variables such as added value, as outlined by Behmanesh et al (1990) and adopted 
by Unilever (1997)
3. To investigate the contribution of alternatives to economic variables such as distance-to- 
target approaches when assessing the environmental burdens to prioritise action.
Given these objectives for research, it is necessary to reflect upon the possibilities offered by 
the sponsoring company, Borax, in assisting with this research.
4.3.1 Rio Tinto Borax Europe.
The operations of the Borax Group are concerned with the extraction, processing, and 
marketing of industrial mineral borates, which contain boron. Boron, the fifth element in the 
periodic table, occurs widely in nature in various forms and is extracted for commercial 
applications from surface deposits. These deposits occur in very few locations; predominantly 
in California and in Turkey.(62) Approximately 300,000 tonnes of boron is removed from 
mined ore each year, destined for commercial applications, with the main end-use areas being 
the glass industry, the ceramic industry, the detergent industry, and the fertiliser industry.
As outlined in the original project overview, the final area of research envisaged would cover 
the life cycle assessment of specific Borax operations and an attempt to implement a Clean 
Technology approach to the organisation. However, the activities of Borax are fairly limited 
in scope - in Europe the organisation is concerned with materials handling and distribution 
activities alone. Also, Borax is concerned with one industrial mineral: borate, and so there is 
limited complexity in the nature of the operations. It may be possible to apply a ‘Clean 
Technology’ approach to these activities, but LCA of a distribution activity would not, it is 
suggested here, be the most appropriate outcome from the opportunity to contribute to 
knowledge presented by the EngD.
Azapagic (1996)63 has already carried out a life cycle assessment into the mining and 
processing operations associated with the Borax Group’s largest mine - Boron, USA. It would 
be possible to apply the techniques described in the previous section to generate an 
understanding of the environmental burden of these operations specifically. From here one 
could introduce the economic variables such as added value to test whether or not the
lx The aim is to include the variables listed where possible, given the need for developments in some o f  
the areas, particularly bio-diversity, elsewhere.
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improvement criteria specified by Azapagic remain valid. Alternatively, non economic 
indices, such as distance to target, could be introduced and, again, the conclusions of 
Azapagic could be re-evaluated.
Carrying out the proposed research into the environmental imprint of Borax activities using a 
characterisation methodology similar to that of CML64 outlined earlier would be possible, but, 
given their limited breadth of activity, it may not provide the best case material to develop or 
test the approach.
4.3.2 Rio Tinto
Rio Tinto, the parent company of Borax, is the largest mining company in the world, with 
Group sales in 1996 amounting to some US$8,448 million, and net capital expenditure on 
new and existing projects amounting to US$1,770 million in 1996.65 Rio Tinto has operating 
interests in over sixty major mines world-wide, and is involved in development work to bring 
over a dozen further mines on-line in addition to widespread exploration activities. Rio 
Tinto’s interests include copper, gold, iron ore, coal, aluminium, borates, titanium dioxide 
feedstock, zircon, diamonds, salt, talc, uranium, zinc, lead, silver and nickel.66
The extraction and processing of such a wide range of materials, in such a wide range of 
locations will present environmental challenges on a large scale. For examples; total land 
disturbed at the end of 1996 amounted to 42,180 hectares, sulphur dioxide emissions totalled 
77,200 tonnes, fluoride emissions from aluminium smelters totalled 3,300 tonnes, total water 
consumption in 1996 was 705 million cubic metres (of which 168 million cubic metres was 
fresh water) and total energy consumption was 131 million Giga joules.67
Rio Tinto has a corporate objective to develop performance indicators for operations based on 
potential environmental impacts, but as yet has not developed a technique to make this 
possible. Consultation with the Rio Tinto Group suggests that they would be willing to 
support the development and assessment of a methodology which would assist them in their 
corporate objectives in addition to contributing to the knowledge base concerning 
environmental burden.
This wide range of activities will expose any fragility in the argument that economic variables 
are a useful way of prioritising action on environmental burdens. Take a hypothetical 
example involving coal and aluminium, both of which are extracted by Rio Tinto. In 1996 Rio 
Tinto production of coal totalled approximately 66 million tonnes, with net earnings of 
US$185 million. In the same year, aluminium production totalled 386,500 tonnes, with net 
earnings of US$56 million.68 For aluminium production to have the same overall 
environmental imprint as coal, in a given category, using net earnings per tonne as an index, 
its environmental burden per tonne of production would have to be over fifty times higher 
than that associated with coal.
4.4 Action Plan
Once work towards the Boron Symposium is complete, and the energy and logistics work for 
Borax Europe is complete, then work on this new project area can commence. A literature 
review of life cycle assessment methodology will be necessary in the initial stages, to gain a
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more thorough understanding of the methodology which underpins environmental burden 
approaches. This will be followed by an investigation into the various techniques available to 
index the findings of an environmental burden study and their compatibility with 
sustainability.
Once this is complete the data requirements for an eco-imprint for Rio Tinto will be 
determined. At this stage it is envisaged that process data, energy requirements, inventories of 
global reserves of abiotic resources, noise contour maps, appraisal of local biological 
diversity, specific emissions data, land rehabilitation data, as examples, will all be needed in 
this study. Also, classification data to determine the potential environmental effect associated 
with a specific pollutant from activities will be necessary.
After the data requirements are agreed and set, then data collection will commence. The 
duration of this activity will depend very much on how much data already exists. Should 
existing data be insubstantial then the breadth of the study may have to be reduced - 
comparing two specific sectors of Rio Tinto rather than attempting to include the entire Group 
may be a possible strategy.
The data quality will be assessed and then the data will be characterised according to the 
various environmental burden themes. Totals for each theme will be calculated by operation 
and in aggregate. The interpretation phase will follow, requiring a comparison of the values 
for environmental burdens for each operation when indexed against added value and when 
indexed against alternatives such as distance-to-target, for example.
The findings of the study will then be reviewed, with an assessment of the differences in 
outcome in the eco-imprint assessment for Rio Tinto associated with using economic and 
non-economic indices for comparing burden data between operations. Whether the findings 
for the Rio Tinto group can be applied to industry as a whole will then be evaluated and 
discussed.
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5. Reflection on How the Project Meets the Requirements of 
the EngD
5.1 Engineering Doctorate Compatibility
The project has provided the opportunity to conduct industrially relevant research - a key 
objective of the programme. There has been contribution to knowledge and there is scope for 
further contribution to knowledge. The development of a mass balance for boron is novel in 
itself, and the mining and distribution activities of the Group provide case material for 
gathering information to test possible approaches to environmental management.
5.2 Environmental Technology Compatibility
Using the earlier definition of environmental technology as “The totality of the means 
employed by a people to provide itself with the objects of material culture relating to or 
produced by the environment”, the project work can be seen to satisfy the requirements. 
Reviewing the project components holistically, there is environmental content - the 
movement of boron and quantifying the reservoirs and flows, for example, are all related to or 
produced by the environment. Similarly, interpreting the impact of the operations of a 
multinational such as Borax upon the environment and how they may be reduced are ‘related 
to the environment’, and address the totality of the means employed to provide objects of 
material culture.
5.3 Brunei /  Surrey EngD Compatibility
Carrying out this project scheme can also be seen to be compatible with the wider objectives 
of the Brunei/ Surrey EngD (see Section 6, supplemental). The Brunei / Surrey scheme 
wishes to help produce engineers who can plan and execute flexible, innovative, R&D 
programmes that respond to customer needs. The first project in the portfolio, the mass 
balance, has aimed to do that. The customers in the case being the company and academia: 
the company needs to know how much boron there is in the environment and where the major 
flows arise, and academia wishes to see contribution to knowledge in a field which as yet is 
not exhaustively examined.
The next two project areas - environmental management and reporting, and clean technology, 
take a further step. The Brunei/ Surrey objective for flexible and innovative R&D is to 
respond to customer needs. It is contended here that this objective is not far reaching enough. 
It should be possible through the application of the knowledge and skills built up during the 
research to be able to anticipate customer needs, not just respond to them once they are 
clearly defined. The role of the research engineer in this context should be to help potential 
customers recognise needs and to define them accordingly. The aim of the second two project 
areas is to meet this broader objective through exploring and communicating possible 
strategic options which will bring long term business benefit.
The fieldwork required for these two project areas has entailed and will continue to involve 
working as part of a multi-functional team. Investigating current environmental practices and 
developing a new approach will involve teamwork with colleagues from a each of the 
operating locations and in a variety of functions, from environment, health and safety, 
technical projects and operations management.
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Developing communication skills is another key objective throughout this work. Returning to 
the environmental management and clean technology themes, if any findings from the 
research are going to be acted upon, managers at the highest level in the organisations within 
the Group will need to be persuaded of the benefits of change. Communicating findings and 
influencing the change management process will be key competencies which will play a part 
in determining the success of this work.
5.4 Publications
5.4.1 Confirmed Publications
“Distribution of Boron in the Environment”. To be published in ‘Environmental Health 
Perspectives’ after 25th October 1997.
5.4.2 Planned Publications
“A Global Mass Balance For Boron”, Journal of Industrial Ecology.
5.4.3 Provisional Publications
“Gaining Commitment and Implementing Change, an example from the mining industry”, 
Journal of Business Strategy and the Environment.
5.4.4 Target Publications
“Essential Elements of Approaches to Environmental Burden”, Journal of Cleaner 
Production.
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6. Supplemental - Interpretation of the Requirements of the 
Brunei I Surrey Engineering Doctorate Programme in 
Environmental Technology.
6.1 What is an Engineering Doctorate in Environmental Technology?
6.1.1 The Engineering Doctorate (EngD)
The requirements of an EngD are an extension of those already in place for any doctorate 
degree. As Phillips and Pugh (1992) assert,
“The concept of a university doctorate has always been clear. ... It still embodies the concept 
that the holder of the PhD is in command of the field of study and can make a worthwhile 
contribution to it.”69
The Engineering Doctorate retains this concept of a contribution to knowledge but extends 
the remit of the system to prepare candidates for an industrial career. It is an outcome of the 
response by the research councils to the 1993 Government White Paper, ‘Realising our 
Potential - A Strategy for Science, Engineering and Technology
which advocated an increase in the number of research students undertaking research in an 
industrial setting.
This approach was supported by Dr. Jeremy Bray, former Labour Party spokesman for 
science and technology who stated in 1994 that “Government science policy must ensure the 
economic conditions that will allow technology to contribute to the economy. This will 
require much more industrial research, and a substantial effort will be needed in basic 
research to integrate scientists and engineers into global networks at the frontiers of 
development, and to train sufficient engineers and scientists in research and development. 
The rate of technological discovery will then permit and require adequate investment in 
environmental, health and social research.”70
The engineering doctorate programme was launched as one of the recommendations of a 
committee established by the then SERC to investigate how the needs of industry and 
academia could be better integrated. The programme awards a research degree for industrially 
relevant research, based in industry and supported by a programme of professional 
development courses over a period of four years. The Brunei / Surrey EngD of which this 
dissertation is part has chosen environmental technology as its field of study.
6.1.2 Definition of ‘Environmental Technology’
In order to discuss whether or not the research undertaken can be interpreted as 
‘environmental technology’ the terminology itself must be defined. Webster (1986) defines 
‘Environmental’ as:
“Of, relating to, or produced by the environment.”71 and includes in its definition of 
environment:
“The surrounding conditions, influences or forces that influence or modify as:
-the whole complex of climatic, edaphic, and biotic factors that act upon an organism or an 
ecological community and ultimately determine its form and survival
-the aggregate of social and cultural conditions (as customs, laws, language, religion and 
economic and political organisation) that influence the life of an individual or community.”72
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‘Technology’ is given a number of definitions but the one preferred here is:
“The totality of the means employed by a people to provide itself with the objects of material 
culture.”73
Thus Environmental Technology will be defined here as,
“The totality of the means employed by a people to provide itself with the objects of 
material culture relating to or produced by the environment.”
6.2 EngD Programme Objectives
With the above commitments in mind, the Brunei / Surrey Engineering Doctorate aims to 
create graduate Research Engineers with the necessary background knowledge, skills and 
experiences to understand the relationship between the environment, technology and business 
and to apply this understanding to the development, promotion and execution of corporate 
strategy.
According to the course handbook, holders of an EngD will:
1. be able to plan and execute flexible, innovative, R&D programmes that respond to 
customer needs;
2. form, work within, and where necessary, lead teams with multi-disciplinary backgrounds;
3. have expert knowledge in the field of environmental technology and be able to apply 
techniques that balance social and economic benefit against resource utilisation and 
environmental impact;
4. possess a working knowledge of project management and business methods
5. have excellent communication skills.74
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7. Supplemental - Summary of Mass Reservoir and Mass Flow
Calculations for Natural Movement of Boron
7.1 Boron in The Earth’s Crust.
Boron is present to varying degrees across a wide range of rock forming minerals, with 
concentrations as high as 8,000 ppm boron in neosilicates and sorosilicates and as low as 1 
ppm in Siberian ultramafic igneous rocks.(75) Other rocks have no boron present. A report in 
Scientific American in 1996 suggests, however, that the composition of the upper part of the 
continental crust approximates that of granodiorite, and ordinary igneous rock that consist of 
light coloured quartz and feldspar, along with a peppering of various dark minerals, and that 
the oceanic basin can be described as likely to be mostly basalt, with a very thin layer of 
sediments across the top.(76)
With the boron concentration of basalt at 10 ppm, and in granodiorite at approximately 15 
ppm,(77) and with the basaltic oceanic crusts representing one tenth of one percent of the 
earth’s mass, and the continental crusts representing one half one percent of the earth’s 
mass,(78) and the earth’s mass being 5.97 * 1024 kg(79), then continental crusts will have a boron 
content of 4.4 * 1018 kg and the oceanic crusts 5.97 * 1016 kg boron.
7.2 Boron in the Hydrologicai Cycle
Tectonic activity gives rise to boron in the environment in a form which can be soluble.(80,81,82) 
An early place to look for boron, then, would be in hydrological systems, especially oceans 
which lie above tectonic plate boundaries. According to Mellor (1980)(83), boron is the tenth 
most abundant element in oceanic salts, varying in concentration in sea water from 0.52 mg/1 
in the Baltic Sea to as much as 9.57 mg/1 in the Mediterranean Sea. The global average, 
however, is approximately 4.6 mg/l.(84)
There are between 1.31 * 1021 and 1.4 *1021 litres of water in the world’s oceans.(85,86,87) If 
boron is present at 4.6 mg/1, then the world’s oceans hold between 6.026 *1015 kg and 6.44 * 
1015 kg of boron.
Boron can be transmitted from the seas to the atmosphere through a process whereby boron 
salts are injected into the atmosphere directly at the water-air interface, and through the 
volatilisation of boron from the seas as boric acid, H3B03. It has been estimated by Anderson 
et al. (1994) that between 1.3 * 109 kg and 4 * 109 kg of boron are transmitted to atmosphere 
from marine sources each year by these mechanisms.1(88)
Boron will be present in other reservoirs of the hydrological cycle: groundwater, surface 
water, and ice. Opinions vary as to the exact level of boron in surface waters and ground­
waters, and as to the size of the groundwater reservoirs within the earth’s crust. However, 
mean surface water boron concentrations are reported to range from 0.01 mg/1 (89,90) to 0.1mg/l
(91,92)
A similar issue arises in groundwater. Work into concentrations of materials in ground-waters 
is highly location specific, and there is insufficient data to generate a global mean value for 
boron concentration in groundwater. A range of values has been derived based on the data
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that does exist, and it can be suggested that for most ground-waters on earth boron 
concentration lies in the range 0.017 mg/1 and 1.904 mg/l.(93,94,95) With global ground-waters 
estimated to be approximately 8.4 * 1018 litres, then boron is present in groundwater at a 
global level of between 1.428 * 1011 kg and 159.9 * 1011 kg.
7.3 Boron in Organic Systems and Fossil Fuels
Boron’s solubility means that if it is present in hydrological systems it will find its way into 
organic systems such as plants, aquatic life, and animals. In fact, boron is an essential micro­
nutrient in plants,(96,97,98) and is seen to be important in animals.(99,100) The extent to which 
boron is present in different plants and animals varies a great deal, from <0.07 mg/kg boron 
in animal livers(101) up to as high as 248 mg/kg boron in some sea-weeds.(102) It has been 
suggested that the average boron content in organic matter will lie in the range of 30 to 50
(103)ppm. '
If the total biomass of the planet is 4 * 1015 kg, of which approximately 99% is plant 
matter,(104) then the boron content of the biomass lies in the range 1.2 * 1011 kg to 2 * 1011 kg. 
The vast majority of this boron will be in equilibrium in the system, cycling from soil and sea 
to plants and animals and back into the soil or sea as decaying matter. Agricultural removal of 
biomass (approximately 2.6 * 1012 kg)(105) accounts for less than 0.1% of global biomass. This 
flow will represent a boron value in the range 7.797 * 107 kg to 12.995 * 107 kg.
Some organic material will be transmitted to the atmosphere through agricultural burning and 
forest fires. These two flows represent boron values of 1.5 * 108 kg and 6.5 * 106 kg of boron 
each year.(106)
If boron is present in organic matter, then it may also be present in fossilised organic matter 
such as oil and coal. In fact, boron is present in extremely low concentrations in oil (total 
global boron content in oil reserves is approximately 6.4 * 107 kg) but is present in higher 
concentrations in coal. Various studies have determined the boron concentration of various 
coals in different locations, whilst other studies have estimate the coal reserves of different 
locations.(107’108’109’110,1I1) By drawing these studies together it is possible to calculate a value for 
the boron present in coal reserves.
Boron is present in the earth’s reserves of just over one trillion tonnes of coal (1.043 * 1015 
kg) at a concentration of between 12.17 mg/kg and 135.95 mg/kg. This means that there are 
between 1.27 * 1010 kg tonnes and 1.481 * 1011 kg of boron present in the earth’s coal 
reserves.
In 1994, just under four and a half billion tonnes of coal were extracted and burned, 
containing between 5.4 * 107 kg and 6.05 * 108 kg of boron. When coal is burned the boron 
present will either volatilise into boric acid or be released into the ash itself. Fogg and Duce 
(1985) suggest that when coal is burned 50% of the boron present is volatilised into the 
atmosphere and 50% goes to ash.(112)
The relative proportions of ash that go to atmosphere and to the ground will depend upon a 
number of variables, such as the use of gas cleaning equipment, but it has been estimated that
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between 5% and 10% of the ash goes to atmosphere, and the remaining 90% to 95% of the 
ash goes either straight to the ground or to landfill.013,114,115) Thus, between 2.8 * 107 kg and
3.3 * 108 kg of boron go to atmosphere from coal combustion each year and between 2.4 * 
107kg and 2.87 * 108 kg of boron go to landfill / soil each year from coal combustion.
7.4 Boron in Soils
Soil systems represent an important compartment in the material pathway for boron in the 
environment. Boron can enter the soil system through atmospheric deposition, rock 
weathering, decomposing organic matter, landfill leaching, the application of boron- 
containing fertilisers, and through rising tables of water, for example. A variety of 
mechanisms exist within soil systems which will influence the residence time of boron within 
the soil. These include the relative demand for boron from plant life within the soil, the 
amount of rainfall either washing boron out of the soil profile or adding boron to it, the action 
of clays acting as adsorption / desorption sites for boron, and soil pH.
For the purposes of this work, there was insufficient data to determine the amount of boron 
present in global soil systems, nor was it possible to determine residence times for boron in 
the soil. However, a separate study undertaken as part of this research project116 into boron 
mass balancing in a river system would suggest that known additions into the soil and water 
courses are balanced by those measured in the river.
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0. Overview
This six-monthly report covers the period 1st October 1997 to 31st March 1998 (programme 
months 25 to 30). It is intended that this should be a stand-alone document and accordingly 
there will be a brief synopsis of the objectives of the four year programme and a short 
summary of work carried out in the first two years of the programme. However, for a more 
detailed discussion of progress for the first two years, readers are encouraged to refer to the 
24 month Dissertation, dated 1st October 1997.
The Dissertation outlines and reflects upon the activities carried out in years one and two of 
the programme and provides a discussion of the work planned for the final two years. It is 
suggested to those readers who have an interest in the progress of the candidate over the four 
years of the EngD Programme that the Dissertation aims to provide an appropriate summary 
of the first two years, and that the subsequent six-monthly reports will provide a suitable basis 
for review of progress over the final two years.
The following topics will be covered in this report:
• Background and Historical Information:
1. the project parameters of the four year programme,
2. a summary of progress in months 0 to 24, and
3. the aims for the remaining two years of work.
• Six-Monthly Progress
4. aims and objectives for the six month period 1st October 1997 to 31st March 1998
5. progress during the six months 1st October 1997 to 31st March 1998
6. aims and objectives for the next six months 1st April to 31st September 1998
It is suggested that readers who have already reviewed the 24 month Dissertation may prefer 
to turn directly to the second part of this report. The first part aims solely to provide an 
abridged summary of material which can be found in the 24 month Dissertation.
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1. Background and Historical Information
1.1 Programme Parameters
The initial programme of research areas agreed by the sponsors and the research engineer is 
included, for information, as Section 3 -  Supplemental. In summary, however, the 
programme aimed to develop a portfolio of work through a number of distinct, but linked, 
projects. These projects were to be carried out with the sponsoring company - Borax Europe - 
over a four year period. The three main themes were:
• boron in the environment
• environmental management and reporting
• clean technology and life-cycle-assessment
The research programme has developed as opportunities to broaden the final area of research 
into an investigation of environmental burden methodologies have arisen with the parent 
company of Borax Europe, Rio Tinto. The following goals and objectives have been 
developed:
1.1.1 Boron in the Environment Objective
The objective is to develop a global mass balance for boron in the environment, by 
identifying the reservoirs and flow systems which exist and then determining the magnitude 
of those flows. Particular emphasis will be placed upon establishing the relative significance 
of anthropogenic and natural systems
1.1.2 Environmental Management and Reporting Objective
The objective is to investigate the need for formal environmental management methodologies 
within Borax operations and determine the optimum format for management systems. The 
ethical justification for environmental management will be considered, together with the 
response of the mining industry to a changing environment. Formal environmental 
management systems will be assessed and the current practices of the Borax Group 
operations will be reviewed. Recommendations for change will be made and any change 
process will be evaluated
1.1.3 Clean Technology and Life-Cycle Assessment Objective
The objective is to develop an extension to life-cycle-assessment, known variously as 
‘environmental burden’ and ‘environmental imprint’, to include issues such as resource 
depletion, biodiversity, noise and odour. The goal is to determine whether or not the use of 
economic variables such as added value in the assessment of environmental burden is 
consistent with sustainable development. If economic criteria should not be used, the 
objective is to establish alternative criteria for assessing the relative significance of 
environmental burdens from different operations.
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1.1.4 The Likely Contribution to Knowledge
The development of a global mass balance for boron will represent a contribution to 
knowledge in itself. Previous work in this area has only investigated atmospheric boron 
flows, or has investigated concentrations of boron in particular systems, rather than 
quantifying the actual magnitude of those systems.
The development of environmental burden methodology will also represent a contribution to 
knowledge. Criteria such as resource depletion, biodiversity, noise and odour exist in life- 
cycle-assessment techniques, but as yet have not been successfully applied to environmental 
burden methods.
The main contribution to knowledge in this area, however, lies in the assessment of economic 
variables currently used by pioneers in environmental burden approaches. It is contended that 
the use of added value, while possibly representative of the value humans ascribe to activities, 
does not necessarily consider the environmental costs associated with an activity, and 
therefore may not be consistent with sustainable development. This thesis will be 
investigated, together with alternative approaches such as distance-to-target, whereby changes 
are assessed against global target values.
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1.2 Summary of Progress During Months 0 to 24
This section will report progress during the first two years of the programme in brief terms. 
Readers interested in a fuller discussion are encouraged to study the 24 month dissertation 
(1997) which provides more detail than will be found in this document.
1.2.1 Boron in the Environment Progress
For a full account of the objectives, findings, and conclusions of this project, readers may 
wish to consult ‘EngD Environmental Technology - A Global Mass Balance for Boron’
(1996) and ‘EngD Environmental Technology - A Local Mass Balance for Boron’ (1996) 
[170pp]. Alternatively, readers may prefer a summary of this work, provided in a forthcoming 
paper in the Journal of Trace Element Research, “Distribution of Boron in the Environment”
(1997) [15ppj. A discussion of this work is also provided in the 24 month dissertation (1997).
1.2.1.1 Summary
By way of summary, however, the key objective of this work has been to establish the 
importance of industrial activity and consumption of boron in the global system compared to 
the background natural processes. This has required an in-depth analysis of all the 
commercial applications using boron, the final fate of the products manufactured, and on the 
industrial processes involved, both in the extraction and refining of boron and in the 
production of boron-related products, in addition to an evaluation of the natural processes 
involved. The results of this work are presented in this six-monthly report in Figures 1 and 2.
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Figure 1: Schematic Summary of Anthropogenic Boron Mass Flows summarises boron mass 
flows arising from commercial activities.
Figure 1: Schematic Summary of Anthropogenic Boron Mass Flows
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It has been shown that commercial processes are responsible for the movement of 
approximately 310,000 tonnes of boron each year, with around 10,000 tonnes going to 
atmosphere, 60,000 tonnes going to surface waters, 15,000 tonnes going directly to soils as 
fertiliser, and the difference, some 225,000 tonnes going to landfills and tips. Specific figures 
are shown in the mass balance schematic, (Figure 2: Boron Mass Flow Schematic).
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The main natural systems identified and analysed were: tectonic systems, the hydrological 
cycle and organic systems. Figure 2 illustrates the major flows and reservoirs identified and 
analysed in the course of this research.
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1.2.1.2 Discussion on Boron in the Environment
Several conclusions can be drawn from the data on boron flows:
1. By the far the most dominant flows of boron arise from the movement of boron into the 
atmosphere from oceans.
2. Boron mining represents a flow of boron out of the ground of a similar order of magnitude 
to volcanic eruptions, with boron mining estimated to represent a flow of approximately 4 
* 108 kg boron and volcanic eruptions estimated to represent a flow of around 3 * 108 kg 
boron per year.
3. Coal mining represents a boron flow from the ground of similar magnitude to boron 
mining and volcanoes, with between 5 * 107 kg and 6 * 108kg boron removed in coal each 
year.
4. Anthropogenic activity associated with the conversion of borates to commercial products 
and the consumption of such products represent boron flows of orders of magnitude far 
lower than those associated with natural processes. Industrial activity such as glass 
products production, ceramics production etc., represent flows of boron to atmosphere of 
approximately 1 * 107 kg, a small percentage (<0.56%) of the total boron flows to the 
atmosphere of between 1.8 * 109 kg and 5.3 * 109 kg per year.
5. Process losses from industry and the use of detergents represent flows to aqueous systems 
of approximately 5.3 * 107 kg per year. Drainage into the sea from rivers and ground­
waters is estimated to represent anything from 3.9 * 108 kg to as much as 1 * 1010 kg of 
boron per year, much of which is boron which was previously moved into atmosphere 
from the seas by natural processes.
It would be unscientific to draw anything more than broad conclusions from the data. The 
mass of boron in the crusts can be seen to be extremely large, but the data used to generate 
these figures is so speculative that the magnitude of boron in the crusts could vary by a factor 
of ten in either direction, an error which is larger than the sum of all the other reservoirs. The 
data for the continental and oceanic crusts is useful, however, in that it shows that these 
systems are so large that the earth’s surface can, in fact, be considered a homogeneous mass. 
Borate deposits are substantial, but they are in the region of being of a magnitude one 
hundred million times less than in the crusts as a whole.
It must be recognised at all times when evaluating the mass values presented that there is 
insufficient data to define mass values with errors of less than ten percent. The mass of boron 
present in any given reservoir is obtained by multiplying together the mass of the reservoir 
and the concentration at which boron is present in this reservoir. Errors are brought into these 
calculations where accurate data for either, or both, these variables is not available.
1.2.1.3 Contribution o f *Boron in the Environment* to the Field o f Study
A contribution to the field of study has been made: previous investigations considering mass 
flows of boron were limited to observations about boron in atmospheric systems.1,2 The use of 
contemporary industrial emissions data for boron has enabled these previous works to be 
brought up to date, and the development of an initial balance for a global system represents
novelty in its own right. Nonetheless, it should be understood that there are substantial errors 
associated with the mass reservoirs and flows.
1.2.2 Environmental Management and Reporting Progress
For a full account of the objectives, findings, and conclusions of this project, readers may 
wish to consult ‘EngD Environmental Technology - Environmental Management and 
Reporting (1997) [150pp]. A summary and discussion of this work is provided in the 24 
month dissertation (1997). Readers may also find the following EngD Conference Paper 
helpful: “Implementing Change - Gaining Commitment and Putting an EMS into Operation” 
(1997) [12pp].
1.2.2.1 Summary
The objective of this second project was to identify how the Borax group could introduce 
improvements in its environmental management programme. Specific themes were developed 
for investigation in this work. They include the purpose and benefits of sound environmental 
management, the different approaches which exist and their advantages and disadvantages. 
Once these themes were reviewed fieldwork was carried out to generate an understanding of 
the operations and the specific issues faced at each operating location.
The final report comprised the following areas:
1. The purpose and benefits of an environmental management system
2. The environmental management system standards
3. Review of existing company structures and activities in Argentina, France, the 
Netherlands, Spain, the UK and the USA.
4. Environmental performance reporting requirements
5. Recommendations for implementing an environmental management system throughout 
Borax
In addition, a paper discussing the change process itself was produced, reflecting on the 
mechanisms and processes for managing strategic change in use, illustrated in Figure 3.
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Figure 3: Mechanisms and Processes for Managing Strategic Change3
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1.2.2.2 Discussion on Environmental Management and Reporting’
Borax is still in the early stages of deploying formal environmental management systems, but 
is already learning much about how best to manage the process. Those involved feel that 
early commitment by senior management and group involvement in that decision were 
successful. However, the group continues to learn how to accelerate its decision making 
process without diminishing the quality and durability of the decisions taken.
Examples will include delegating responsibility for investigating options to members of the 
team who can then report back with proposals to the group, rather than the entire group 
starting from first principles and struggling through the process together. Improving the 
visible involvement of corporate leadership remains a priority, since the leader of an 
organisation will represent those activities which are core to the organisation and those which 
are not, more than any number of procedures and systems.
It is possible to draw a number of conclusions which are relevant beyond the specific 
circumstances of this particular example. Borax have learned through their experience thus 
far that culture and communication remain the most significant obstacles to progress in a 
multi-national organisation, particularly where different cultures have different priorities 
within the framework of an environmental management system. It may be that it is not 
possible for Borax to implement a group-wide system which works at each operating location, 
yet there may be generic aspects of systems which should be adopted throughout the group - 
methodology for determining environmental significance being critical.
The attributes of the champion for the project - excellent communication skills, wide ranging 
experience within the organisation with relevant knowledge of other operations in the 
business sector, knowledge of EHS issues from an operations and a corporate perspective, 
and credibility with those who needed to be persuaded of the benefits - may be important in 
any organisation attempting to change direction and culture regarding environment, health 
and safety.
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1.3 Aims and Objectives for the Final Two Years of Study
This section will provide a brief overview of the planned activities for the final two years of 
the research programme.
1.3.1 Environmental Impacts from Energy and Logistics in Borax Europe
The first area of activity represents the historical throwback to the original programme of 
work (see Section Error! Reference source not found.) which intended to use the final two 
years developing clean technology and life-cycle-assessment methodology using Borax 
operations as case material. The first planned project in this theme required a review of the 
environmental impacts of the energy and logistics sectors of the European operations of the 
Borax Group. Progress and completion of this project is reviewed in Section 2.2.1. However, 
the objectives of this project are presented below.
In the initial project outline, it was envisaged that the final two years would be spent 
conducting a life cycle analysis (LCA) of specific Borax operations in order to identify the 
major environmental interventions, compare these between the sites, and then attempt to 
implement a ‘Clean Technology’ approach to the activities. As events have evolved, it has 
already been possible to initiate some of the work which would play a part in an assessment 
of the environmental interventions within specific activities. These include an energy audit 
and a transport audit of the European operations, conducted during April 1997.
Essentially, Borax Europe operations entail materials handling and distribution, with some 
chemical processing at one of the sites. It could be inferred from this that process energy and 
logistics will be important factors in any life-cycle-analysis. Accordingly a review of the 
entire logistics activity was conducted, gathering shipment information and geographical 
information to determine the volume of shipments, their destination and the mode, or modes 
of transport, involved. At the present time the analysis of this information has been initiated 
through the use of the Simapro® LCA system, in the first instance, to calculate the, 
environmental impact of the modes of transport used.
A process energy audit has been conducted, gathering process information through field-work 
at each of the operating sites to determine how much energy is used in each activity in the 
operations, and the sources of energy used - electricity, gas, oil, etc. Interpretation of the data 
will involve an assessment using LCA software such as PEMS 4.0®. The data analysis and 
communication phase of this work is scheduled to take place during the months of November 
and December 1997.
1.3.2 Developing a Methodology to Measure Environmental Performance for Rio Tinto
The parent company of Borax, Rio Tinto, proposed in July 1997 that research into 
environmental burdens could be carried out at the level of the Rio Tinto Group, rather than 
being restricted to one Group company. Although Borax is a global operator in its own right, 
the diversity of activities which comprise Rio Tinto present an even wider body of case
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material for inclusion in the project. Accordingly a new project was drawn up which will 
require all the remaining programme time to approach completion.
The background to this project is discussed in greater depth in the 24 month Dissertation
(1997) and the reader may find it helpful to use the discussion in the Dissertation as a starting 
point for reflection on progress during the final two years. However, for the purposes of this 
report, the following action plan is presented for the final two years of study:
1.3.3 Action Plan for the Final Two Years
Once work towards the Boron Symposium is complete, and the energy and logistics work for 
Borax Europe is complete, then work on this new project area can commence. A literature 
review of life cycle assessment methodology will be necessary in the initial stages, to gain a 
more thorough understanding of the methodology which underpins environmental burden 
approaches. This will be followed by an investigation into the various techniques available to 
index the findings of an environmental burden study and their compatibility with 
sustainability.
Once this is complete the data requirements for an eco-imprint for Rio Tinto will be 
determined. At this stage it is envisaged that process data, energy requirements, inventories of 
global reserves of abiotic resources, noise contour maps, appraisal of local biological 
diversity, specific emissions data, land rehabilitation data, as examples, will all be needed in 
this study. Also, classification data to determine the potential environmental effect associated 
with a specific pollutant from activities will be necessary.
After the data requirements are agreed and set, then data collection will commence. The 
duration of this activity will depend very much on how much data already exists. Should 
existing data be insubstantial then the breadth of the study may have to be reduced - 
comparing two specific sectors of Rio Tinto rather than attempting to include the entire Group 
may be a possible strategy.
The data quality will be assessed and then the data will be characterised according to the 
various environmental burden themes. Totals for each theme will be calculated by operation 
and in aggregate. The interpretation phase will follow, requiring a comparison of the values 
for environmental burdens for each operation when indexed against added value and when 
indexed against alternatives such as distance-to-target, for example.
The findings of the study will then be reviewed, with an assessment of the differences in 
outcome in the eco-imprint assessment for Rio Tinto associated with using economic and 
non-economic indices for comparing burden data between operations. Whether the findings 
for the Rio Tinto group can be applied to industry as a whole will then be evaluated and 
discussed.
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2. Six Monthly Progress
2.1 Aims and objectives for the six month period 1st October 1997 to 31st 
March 1998
The overall aim for the four month period 1st October 1997 to 28th January 1998 was to 
conclude the energy and logistics study for Borax Europe. Supplementary aims included the 
successful attainment of the MPhil criteria for progression to the final two years, and the 
completion of work for the Second International Boron Symposium, hosted by the University 
of California. Both these milestones were achieved during October, with a draft of the energy 
and logistics project report submitted 29th January 1998.
The overall aim for the period 29th January to 9th April 1998 was the successful completion 
of the literature review phase for the environmental performance project. The work for this 
area has been concluded and written up, with internal progress reviews held at Rio Tinto (6th 
April) and the University of Surrey (8th April). A full review session is scheduled for 24th 
April.
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2.2 Progress during the Six Months 1st October 1997 to 31st March 1998
2.2.1 Environmental Impacts from Energy and Logistics
For a full account of the objectives, findings, and conclusions of this project, readers may 
wish to consult ‘EngD Environmental Technology - Environmental Impacts from Energy and 
Logistics in Borax Europe’ (1998) [llOpp]. For the purposes of this report a summary of the 
findings and conclusions will be presented, to build from the overall aims and objectives 
outlined in Section 1.3.1.
The study comprised the following elements:
1. Context for the study and an overview of the issues
2. The quantitative data available from existing records and additional data needed for the 
study
3. The environmental consequences of energy production and consumption in the European 
Union
4. The environmental consequences of logistics in the European Union
5. Global and European Union environmental policy measures and developments
6. Energy reviews and inventories for each Borax Europe operating location based on 
primary data
7. Logistics reviews and inventories for Borax Europe distribution functions based on 
primary and secondary data.
8. Analysis of the energy and logistics inventories for environmental impacts
9. Recommendations for future actions
2.2.1.1 Background
As the ISO 14001 systems being implemented across the Group develop, it is becoming clear 
that effective environmental control and improvement is dependent, in great part, on focusing 
effort on those areas where most environmental benefit can be realised, i.e. on the 
‘significant’ environmental aspects. As development of the systems has progressed it has 
become increasingly apparent that a number of issues are significant across the Group.
In the case of Borax Europe operations there are, it is suggested, four main areas of activity 
that would need assessing for environmental significance. The majority of chemical 
processing within Borax Europe takes place at Borax Fransais, which produces boric acid 
using borate mineral and sulphuric acid. The rest of the European operations are concerned 
with receiving bulk shipments of borate from either the US mine or the Argentinean mines 
and then carrying out materials processing in the form of milling, grinding or granulating. 
Thence the product is packed and shipped on to customers or secondary stock-points.
The environmental aspects connected with these operations include: energy consumption, the 
use of packaging and any subsequent recovery or re-use, the environmental burden associated 
with the European logistical activities, noise exposure, dust production and dust exposure. 
These are the environmental issues that are relevant to all the European manufacturing 
activities.
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The purpose of this study has been to determine a baseline for energy consumption and 
distribution in Borax Europe and the environmental burden associated with these variables.
2.2.1.2 Data Availability 
2.2.1.2.1 Energy Data
The following table provides a summary of the needs, sources, gaps and solutions for the data 
needed for an analysis of the environmental burden associated with energy in Borax Europe.
Table 1: Data Needs and Availability for an Energy Inventory
m  re p
mmsmmmM—
Inventory of operating sites Yes ERM Review,
1995
Types of energy utilised at Yes ERM Review, -
each site 1995
Process schematics Yes ; RTZ Technical j  -
Review, 1993
Energy consumption rates No I Site visit to discuss with
at each node in schematic
No
No
Utilisation rates for process 
components
Total energy demand for 
each site
Sources of energy for each | Some 
location
I technical/
| ordinators 
1 Site visit
maintenance co-
to discuss with 
production co-ordinators 
Calculation from site visit data
ERM
1995
Review, I Site visits to confirm with7 |
j  production / technical /
j  maintenance co-ordinators 
Life Cycle Analysis Software: 
PEMS4.0
Types of environmental i  Some 
imprint associated with i 
energy production and ] 
consumption
Total environmental imprint ] No 
from energy demand by j 
location and by Group
Environmental 
Effects Review 
Section of this 
Project
Life Cycle Analysis Software: 
PEMS4.0
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2.2.1.2.2 Logistics Data
The following table provides a summary of the needs, sources, gaps and solutions for the data 
needed for an analysis of the environmental burden associated with logistics in Borax Europe.
Table 2: Data Needs and Availability for Logistics Inventories
| Inventory of operating i Yes j  ERM Review, j -  
| sites j 1995
i Modes of transportation 
I utilised at each location
Some Borax Europe
Logistics
Function
Site visits to confirm with logistics/ ! 
shipping co-ordinators
Quantities of product 
shipped per annum
Some Schipments ex 
Rotterdam, 1995
Site visits to confirm with logistics/ f  
shipping co-ordinators
| Shipment destinations Some Schipments ex 
Rotterdam, 1995
Site visits to confirm with logistics/ j 
shipping co-ordinators
Distances to destinations No " AutoRoute Express for overland. 
Lloyds Maritime Atlas for water.
! Utilisation rate for each 
shipment
No : " Site visits to confirm with logistics / | 
shipping co-ordinators1
Types of environmental 
imprint associated with the 
transport modes used
Some Environmental 
Effects Review 
Section of this 
Project
Life Cycle Analysis Software: [ 
PEMS4.0
Total environmental 
imprint from logistics by 
location and by Group
No
I
Life Cycle Analysis Software: 
PEMS4.0
2.2.1.3 Findings
It should be emphasised to readers that the figures presented in this report are highly 
aggregated. Readers interested in a more thorough breakdown will find the source data for the 
findings and recommendations in Section 5 of ‘EngD Environmental Technology - 
Environmental Impacts from Energy and Logistics in Borax Europe’ (1998) [11 Opp].
In summary, however, the energy inventories showed that Borax Europe consumed 
73,866,600 kWh of energy in 1996, the majority of this consumption (81%) by Borax 
Fran9ais, and the dominant energy source being gas (82%) for boilers.
The logistics inventories showed that Borax Europe logistics shifted 461,684.424 tonnes of 
material in 1995, by the following modes:
Trans-oceanic Freighter: 180,316,428 tonne kilometres
Truck: 148,201,954 tonne kilometres
Inland Waterways Freighter: 64,716,398 tonne kilometres
1 Discussions with Borax Europe logistics suggest that exact information is not likely to be known. 
Assumptions may have to be made based on discussions with operating companies.
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Rail Freight: 45,338,085 tonne kilometres
19,307.197 tonnes of these shipments were internal, with 442,377.227 tonnes being 
shipments to customers
Environmental Impact Analysis was carried out using the PEMS 4.0 system, at the level of 
impact per unit and total impact. The functional unit chosen for Borax Europe was “1 tonne 
product shipped to customers”. The environmental impacts associated with processing and 
distribution, per tonne shipped to customers were calculated, together with calculations for 
total impact for Borax Europe in one year. The environmental categories assessed for impact 
were:
Land use, Smog, Landfill, Radioactivity, Resource depletion, Greenhouse contribution, 
Acidification, Ecotoxicity, Eutrophication, Human toxicity, Odour, and Ozone depletion.
The following table summarises the total burdens on a per tonne basis and in total for Borax 
Europe in 1995/6.
Table 3: Summary of Environmental Burdens, Per Tonne and Total, Borax Europe, 
1995/6.
Land Use (m2) 15.38693619 6806830.162 !
Smog (kg NOxj 0.580116446 256630.3047
Landfill (dm3 ) 0.691714836 3 0 5 9 9 8  8 9 1
Radioactivity (kBq) 10406.99827 4603819036.0
Resource Depletion (/year) 0.575194863 254453.1085 |
Greenhouse (kg CO2 ) 89.36447147 39532807.08
Acidification (kg S02) 0.728744831 322380.1175 I
1
Ecotoxicity n.K ) 0.081391589 36005.78544 i
Eutrophication (kg PO4 ) 0.076797746 33973.57392 j
Greenhouse (indirect) (kg C02) 8.31823042 3679795.707 j
Human Toxicity (kg/kg) 1.348844574 596698.1223 J
Odour (kg NH3) 0.092073114 40731.04899 j
Ozone Depletion (kg CFC11) 1.86364*10-6 8.244318511 j
Smog (kg ethene) 0.103271133 45684.79745 (
In logistics, it was concluded that on a per tonne kilometre basis, rail has the lowest 
environmental impact of the three inland transportation systems. Truck has the highest, even 
when operating at 100% utilisation. In energy the picture is less clear, although it appears that 
gas has the lowest impact, per kilowatt hour of the three sources (gas, electricity, and diesel 
oil) utilised by Borax Europe.
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2.2.1.4 Recommendations for Action
The recommendations can be classified as being either recommendations to improve data 
quality or being recommendations for action to improve environmental performance.
2.2.1.4.1 Recommendations to Improve Data Quality
A number of issues should be resolved to improve confidence in the findings of this study
2.2.1.4.1.1 Completeness of Data
Some data was unavailable during the review. For example, the electrical requirements of 
Borax Fran9 ais for unloading are still incomplete. At Borax Espana, the unloading of vessels 
is carried out by the Valencia Harbour Authority. Energy data for this activity has not been 
recorded. Based on the significance of the electrical demands of the cranes at Rotterdam as a 
proportion of total consumption, this data is important. At Guildford, the review was limited 
to total values for electricity and gas. There are a number of difficulties in improving the 
quality of this data, but given that the Guildford facility uses as much energy as Borax 
Rotterdam, it is recommended that a thorough review is made possible.
2.2.1.4.1.2 Review of Exact Logistics Routes Taken
Throughout the logistics review, an assumption was made that the most direct route to 
destination would be taken (for example, that trucks would use motorway and primary routes 
wherever practical), unless it was known to be otherwise for a specific customer. Verifying 
the exact route for each shipment would be a time consuming task but, once done, could be 
used for future calculations automatically if it was so wished.
2.2.1.4.1.3 Review of Boiler Characteristics
Given the significance of gas consumption in the energy mix for Borax Europe, particularly 
in the boilers at the production sites, it is recommended that a detailed review of performance 
of the boilers be carried out to establish relative efficiencies and to establish emissions 
baselines for these particular installations. It may be that there are opportunities to share best 
practice around Borax Europe in this regard.
2.2.1.4.2 Recommendations to Improve Environmental Performance
A number of recommendations also emerge regarding environmental performance 
improvement in energy and logistics in Borax Europe.
2.2.1.4.2.1 Alternatives to Diesel for Forklift Operations
It is possible that using alternatives to diesel in the forklift trucks would provide more 
environmentally efficient power sources. In particular, natural gas has emerged from the 
analysis of Borax Europe as being the most efficient of the three main power sources.
2.2.1.4.2.2 Rail Freight as the Most Favoured Option for Inland Logistics
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Rail freight accounts for only 17.5% of all inland Borax Europe deliveries (in tonne 
kilometres), yet, with the exception of ozone depletion, rail has the lowest impact on all the 
environmental impact categories when compared with truck and inland waters freighters. 
Even assuming 100% utilisation trucks have the highest impact of the three modes but 
account for over 57% of all inland logistics. It is recommended that a logistics policy 
expressing a preference for rail freight, followed by inland waters freight, for all inland 
logistics wherever practicable be introduced. By way of example, shifting delivery of product 
to Foret by Borax Espana from truck to rail would provide a net reduction in greenhouse gas 
contribution of 1% of the total for all Borax Europe operations and logistics.
2.2.1.4.2.3 Environmental Improvement Objectives Expressed in Impact Terms
It has been found that the environmental impact, per kilowatt-hour, of the various energy 
sources varies, and that the significance of burden in each of the environmental categories 
assessed also varies. Thus, it is suggested that any performance targets for energy be 
expressed as reductions in contributions to a particular environmental category rather than as 
reductions in kilowatt-hours consumed. In certain circumstances, a net reduction in energy 
consumed (e.g.: gas usage down 50kWh, electricity consumption up 30 kWh, - net decrease 
20kWh) may actually involve an increase in environmental impact in some categories, for 
example.
2.2.1.4.2.4 Reduction Targets expressed on a Functional Unit Basis
It is suggested that reduction targets be communicated on a per tonne product shipped to 
customers basis, rather than as a total. This measure is more meaningful, as it is less likely to 
be distorted by variations in production levels from one year to the next.
While it is important to consider the assumptions made during the analysis of the inventories, 
and the limitations of the data used, it is felt that the information contained in this study 
provides a suitable basis for the introduction of environmental performance targets for energy 
and logistics in the operations of Borax Europe.
2.2.2 Development of Rio Tinto Environmental Performance Index
As outlined in Section 1.3.2 and Section 1.3.3, the plan for the final project area is to develop 
a methodology to assess environmental burden in the Rio Tinto group. The concept of eco- 
efficiency is becoming more widespread in industry. Storebrand, a Norwegian Banking 
Group have set up an environmental value fund ‘EVF’ based on eco-efficiency4, and Dow 
Chemical and Unilever both make public reference to the concept in their environmental 
communications5,6.
2.2.2.1 Principles
The basic principle of eco-efficiency is as follows:
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„  _ „  Value AddedEco -  Efficency =
Environmental Impact Added
The principles under discussion and development during the final two years are that:
1. Existing applications of the principle use limited categories for the assessment of 
‘environmental impact added’ and these are not wholly appropriate for the mining 
industry.
2. The concept of eco-efficiency itself, while representing an important step forwards in 
thinking on environmental performance measurement, may not be implemented in a 
fashion consistent with sustainable development as existing attempts have utilised 
economic added value as their basis for ‘value added’.
As discussed in Section 2.1, the objective for the two monthly period 29th January to 31st 
March 1998 was to complete the literature review initiated as part of the preparation of the 24 
month Dissertation. Readers interested in the details of this work may find the following 
documents helpful - “EngD Environmental Technology - Development of Rio Tinto 
Environmental Performance Index - Section la Review of Environmental Performance 
Measures Development” (1998) [45pp] and “EngD Environmental Technology - 
Development of Rio Tinto Environmental Performance Index - Section lb Review of Mining 
and Local Community Sustainability Issues” (1998) [20pp]. For the purposes of this review, 
however, a brief summary will be provided.
2.2.2.2 Review o f Environmental Performance Measures Development
This part of the literature review covered the following topics:
1. The Function of Environmental Indicators
2. Features of Environmental Indicators
3. Organising Environmental Indicators
4. Industrial Development of Environmental Performance Indicators (EPIs)
5. Environmental Performance in the Context of Rio Tinto
A number of international environmental indicator initiatives were introduced, particularly the 
work of the OECD7, the World Resources Institute8, The World Bank9,10, The United 
Nations11, in addition to national programmes in Canada12 and Australia.13. These initiatives 
illustrated the direction governmental policies are taking and how they are expected to 
develop over the coming years.
Of equal significance are industrial initiatives towards assessing environmental performance 
in the context of eco-efficiency. The efforts of ICI14, Unilever15, Dow Chemical16 and 
Storebrand17, the pioneers in this area, were reviewed to demonstrate how industry is 
interpreting the principles of eco-efficiency and applying various methodologies to help in the 
implementation of these principles.
The discussion which followed focused on two areas:
1. The difficulty in reconciling economic added value and environmental performance
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2. The challenges faced by a mining organisation in applying the general principles of eco- 
efficiency and environmental performance indicators in the specific context of a mining 
operation.
In particular, the following subjects were discussed:
• The generalised nature of indicator systems
• The lack of availability of necessary data for some indicator categories
• The lack of coverage for biodiversity thus far
• The potential incompatibility of economic added value and sustainability
• The historical development of Rio Tinto specific measures and the challenges in applying 
them, e.g.:
• transparency of indicators,
• appropriate production measures for environmental efficiency,
• sustainability and the life of a mine,
• mine planning and net present value,
• the potential divergence between measures of environmental performance and measures of 
sustainability.
The last issue is particularly significant in the context of an organisation operating in 
developing nations. Mining companies such as Rio Tinto can have a significant effect upon 
the communities they come into contact with and must consider both the environmental 
performance of their operations, and the sustainable development of the communities they 
interact with. This subject became the focus of the second area of literature review.
2.2.2.3 Review of Mining and Local Community Sustainability Issues.
This area of the review focused on the following subjects:
1. Understanding mining and sustainable development
2. Adding value to local communities
3. Sustainable development indicators
The discussion here focused more closely on the specific relationship between a mining 
operation and the community local to it, with the emphasis in the discussion being placed on 
developing nations. As individual mining operations often represent a more significant 
proportion of GDP generation in a developing nation than they do in the more developed 
economies, their influence on the development path of these nations is more marked.
The works of various United Nations institutions, particularly, the General Assembly18, the 
Commission on Sustainable Development19, the Committee on Natural Resources20, and the 
Economic and Social Council21 were discussed and their implications for mining in the 
context of sustainable development assessed. Given that mining a natural resource in a 
specific location may not be sustainable in the very long term, then sustainable community 
development is a much more powerful issue for mining than perhaps for the chemicals 
industries that are involved in applications of eco-efficiency measures.
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It has become clear through the process of review that maximising the potential of the mine as 
the engine for sustainable growth is as significant issue for Rio Tinto as the development of 
indicators for environmental performance. However, environmental performance indicators 
are more amenable to aggregation than local sustainability indicators. It has been argued that 
it is inappropriately paternalistic for companies to determine what represents an indicator of 
sustainable development, this should be left to each local community to decide. It may prove 
challenging to resolve the wishes of government or industry to measure and aggregate 
information for reporting and target setting at a institutional level, and the wishes of local 
communities to be allowed to decide for themselves what is acceptable behaviour and what is 
not.
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2.3 Aims and Objectives for the Next Six Months 1st April to 31st September 
1998
The core objectives for the period 1st April to 31st September are to develop an 
environmental burden analysis for Rio Tinto based on current methodologies and 
information, to be carried out from 9th April through to 27th August 1998 and then to begin 
the assessment of the outcomes of this analysis in terms of where the gaps - both in terms of 
the model, and in terms of information available to fulfil the needs of the methodology. The 
latter area of work will commence on 28th August 1998 and will run through to 17th 
December 1998. This will require an intensive information gathering exercise.
Discussions with Rio Tinto in March 1998 suggest that much of the information required for 
such an analysis is not currently held at Group level, and may not even be available at the 
level of the Group companies. A planning meeting is to be held in Guildford on 24th April to 
determine the best approach to follow for this section of work.
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3. Supplemental
Original Programme Specification (1995)
‘This four-year programme is intended to support the development of environmental 
management policies and practices and policies in Borax, and to investigate the possibilities 
of applying the Clean Technology approach in some of the Borax operations. The programme 
contains a number of projects which are distinct but form a sequence of activities which will 
provide excellent broad experience for a Research Engineer and will also form a suitable 
basis for a final Portfolio.
A. Boron in the Environment
The environmental impacts and final fate of boron from anthropogenic activities will be 
examined and quantified, using appropriate pathway modelling and eco-toxicological 
assessment techniques. This area requires two levels of approach: a general ‘globalised’ 
examination of boron use and emission, and local analysis of boron flows and distributions in 
a specific river system.
B Environmental Management and Reporting
Given its multinational operations, Borax has a long-term programme of developing 
approaches to environmental management and reporting which can be applied throughout the 
Company, for example to demonstrate the year-on-year improvements in environmental 
performance required for external certification (e.g. under EMAS in Europe). This area of 
work would require review of different areas of the Company’s activities, including 
environmental audits of specific plants.
C. Clean Technology and Life Cycle Assessment
As a starting point, a Life Cycle Assessment (LCA) of a specific processing operation will be 
carried out, in order to identify the major environmental interventions, and where they arise, 
and to provide a basis for internal comparisons of different processes and plants within 
Borax. The ‘Clean Technology” approach will then be applied to review how the
environmental interventions might be reduced along with operating costs, for example, by 
containing and reusing water or avoiding its use in material handling.’
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0. Overview
This six-monthly report covers the period 1st April to 31st March 1998 (programme months 
31 to 36). It is intended that this should be a stand-alone document and accordingly there will 
be a brief synopsis of the objectives of the four year programme and a short summary of work 
carried out in the first two and a half years of the programme. However, for a more detailed 
overview and discussion of progress for the first two years, readers are encouraged to refer to 
the 24 month Dissertation, dated 1st October 1997. For a more detailed overview of progress 
during the previous six months, readers are encouraged to refer to the Six Monthly Report for 
the Period 1st October 1997 to 31st March 1998 (see Vol.4 6MR5).
The Dissertation outlines and reflects upon the activities carried out in years one and two of 
the programme and provides a discussion of the work planned for the final two years. It is 
suggested to those readers who have an interest in the progress of the candidate over the four 
years of the EngD Programme that the Dissertation aims to provide an appropriate summary 
of the first two years, and that the subsequent six-monthly reports will provide a suitable basis 
for review of progress over the final two years.
The following topics will be covered in this report:
• Background and Historical Information:
1. the project parameters of the four year programme,
2. a summary of progress in months 0 to 30, and
3. the aims for the remaining 18 months of work.
• Six-Monthly Progress
4. aims and objectives for the six month period 1st April to 30th September 1998
5. progress during the six months 1st April to 30th September 1998
6. aims and objectives for the next six months 1st October 1998 to 31st March 1999
It is suggested that readers who have already reviewed the 24 month Dissertation and the Six 
Monthly Report for 1st October 1997 to 31st March 1998 may prefer to turn directly to the 
second part of this report. The first part aims solely to provide an abridged summary of 
material which can be found in the 24 month Dissertation and Six Monthly Report.
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1. Background and Historical Information
7.7 Programme Parameters
The initial programme of research areas agreed by the sponsors and the research engineer is 
included, for information, as Section 3 - supplemental. In summary, however, the programme 
aimed to develop a portfolio of work through a number of distinct, but linked, projects. These 
projects were to be carried out with the sponsoring company - Borax Europe - over a four 
year period. The three main themes were:
• boron in the environment
• environmental management and reporting
• clean technology and life-cycle-assessment
The research programme has developed as opportunities to broaden the final area of research 
into an investigation of environmental burden methodologies have arisen with the parent 
company of Borax Europe, Rio Tinto. The following goals and objectives have been 
developed:
1.1.1 Boron in the Environment Objective
The objective is to develop a global mass balance for boron in the environment, by 
identifying the reservoirs and flow systems which exist and then determining the magnitude 
of those flows. Particular emphasis will be placed upon establishing the relative significance 
of anthropogenic and natural systems
1.1.2 Environmental Management and Reporting Objective
The objective is to investigate the need for formal environmental management methodologies 
within Borax operations and determine the optimum format for management systems. The 
ethical justification for environmental management will be considered, together with the 
response of the mining industry to a changing environment. Formal environmental 
management systems will be assessed and the current practices of the Borax Group 
operations will be reviewed. Recommendations for change will be made and any change 
process will be evaluated
1.1.3 Clean Technology and Life-Cycle Assessment Objective
The objective is to develop an extension to life-cycle-assessment, known variously as 
‘environmental burden’ and ‘environmental imprint’, to include issues such as resource 
depletion, biodiversity, noise and odour. The goal is to determine whether or not the use of 
economic variables such as added value in the assessment of environmental burden is 
consistent with sustainable development. If economic criteria should not be used, the 
objective is to establish alternative criteria for assessing the relative significance of 
environmental burdens from different operations.
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1.1.4 The Likely Contribution to Knowledge
The development of a global mass balance for boron will represent a contribution to 
knowledge in itself. Previous work in this area has only investigated atmospheric boron 
flows, or has investigated concentrations of boron in particular systems, rather than 
quantifying the actual magnitude of those systems.
The development of environmental burden methodology will also represent a contribution to 
knowledge. Criteria such as resource depletion, biodiversity, noise and odour exist in life- 
cycle-assessment techniques, but as yet have not been successfully applied to environmental 
burden methods.
The main contribution to knowledge in this area, however, lies in the assessment of economic 
variables currently used by pioneers in environmental burden approaches. It is contended that 
the use of added value, while possibly representative of the value humans ascribe to activities, 
does not necessarily consider the environmental costs associated with an activity, and 
therefore may not be consistent with sustainable development. This thesis will be 
investigated, together with alternative approaches such as distance-to-target, whereby changes 
are assessed against global target values.
Progress Review 6 -Six Monthly Review o f  EngD Progress: 1st April to 30th September 1998
6MR6. 4
1.2 Summary of Progress During Months 0 to 30
This section will report progress during the first two and a half years of the programme in 
brief terms. Readers interested in a fuller discussion are encouraged to study the 24 month 
dissertation (see Vol.4 6MR4) and the Six Monthly Report 1st October 1997 to 31st March 
1998 (see Vol.4 6MR5), which provide more detail than will be found in this document.
1.2.1 Boron in the Environment Progress
For a full account of the objectives, findings, and conclusions of this project, readers may 
wish to consult Project Document 3 - A Global Mass Balance for Boron (see Vol.3 PD3) and 
Appendices 1 and 2 (see Vol.4 APD1 and APD2). Alternatively, readers may prefer a 
summary of this work, provided in a forthcoming paper in the Journal of Trace Element 
Research, 11 Distribution of Boron in the Environment” (see Vol.4 PP3). A discussion of this 
work is also provided in the 24 month dissertation (see Vol.4 6MR4).
1.2.1.1 Summary
By way of summary, however, the key objective of this work has been to establish the 
importance of industrial activity and consumption of boron in the global system compared to 
the background natural processes. This has required an in-depth analysis of all the 
commercial applications using boron, the final fate of the products manufactured, and on the 
industrial processes involved, both in the extraction and refining of boron and in the 
production of boron-related products, in addition to an evaluation of the natural processes 
involved. The results of this work are presented in this six-monthly report in Figures 1 and 2.
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Figure 1: Schematic Summary of Anthropogenic Boron Mass Flows summarises boron mass 
flows arising from commercial activities.
Figure 1: Schematic Summary of Anthropogenic Boron Mass Flows
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It has been shown that commercial processes are responsible for the movement of 
approximately 310,000 tonnes of boron each year, with around 10,000 tonnes going to 
atmosphere, 60,000 tonnes going to surface waters, 15,000 tonnes going directly to soils as 
fertiliser, and the difference, some 225,000 tonnes going to landfills and tips. Specific figures 
are shown in the mass balance schematic, (Figure 2: Boron Mass Flow Schematic).
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The main natural systems identified and analysed were: tectonic systems, the hydrological 
cycle and organic systems. Figure 2 illustrates the major flows and reservoirs identified and 
analysed in the course of this research.
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1.2.1.2 Discussion on Boron in the Environment
Several conclusions can be drawn from the data on boron flows:
1. By the far the most dominant flows of boron arise from the movement of boron into the 
atmosphere from oceans.
2. Boron mining represents a flow of boron out of the ground of a similar order of magnitude 
to volcanic eruptions, with boron mining estimated to represent a flow of approximately 4 
* 108 kg boron and volcanic eruptions estimated to represent a flow of around 3 * 108 kg 
boron per year.
3. Coal mining represents a boron flow from the ground of similar magnitude to boron 
mining and volcanoes, with between 5 * 107 kg and 6 * 108kg boron removed in coal each 
year.
4. Anthropogenic activity associated with the conversion of borates to commercial products 
and the consumption of such products represent boron flows of orders of magnitude far 
lower than those associated with natural processes. Industrial activity such as glass 
products production, ceramics production etc., represent flows of boron to atmosphere of 
approximately 1 * 107 kg, a small percentage (<0.56%) of the total boron flows to the 
atmosphere of between 1.8 * 109 kg and 5.3 * 109 kg per year.
5. Process losses from industry and the use of detergents represent flows to aqueous systems 
of approximately 5.3 * 107 kg per year. Drainage into the sea from rivers and ground­
waters is estimated to represent anything from 3.9 * 108 kg to as much as 1 * 1010 kg of 
boron per year, much of which is boron which was previously moved into atmosphere 
from the seas by natural processes.
It would be unscientific to draw anything more than broad conclusions from the data. The 
mass of boron in the crusts can be seen to be extremely large, but the data used to generate 
these figures is so speculative that the magnitude of boron in the crusts could vary by a factor 
of ten in either direction, an error which is larger than the sum of all the other reservoirs. The 
data for the continental and oceanic crusts is useful, however, in that it shows that these 
systems are so large that the earth’s surface can, in fact, be considered a homogeneous mass. 
Borate deposits are substantial, but they are in the region of being of a magnitude one 
hundred million times less than in the crusts as a whole.
It must be recognised at all times when evaluating the mass values presented that there is 
insufficient data to define mass values with errors of less than ten percent. The mass of boron 
present in any given reservoir is obtained by multiplying together the mass of the reservoir 
and the concentration at which boron is present in this reservoir. Errors are brought into these 
calculations where accurate data for either, or both, these variables is not available.
1.2.1.3 Contribution o f ‘Boron in the Environment’ to the Field o f Study
A contribution to the field of study has been made: previous investigations considering mass 
flows of boron were limited to observations about boron in atmospheric systems.1,2 The use of 
contemporary industrial emissions data for boron has enabled these previous works to be 
brought up to date, and the development of an initial balance for a global system represents
novelty in its own right. Nonetheless, it should be understood that there are substantial errors 
associated with the mass reservoirs and flows.
1.2.2 Environmental Management and Reporting Progress
For a full account of the objectives, findings, and conclusions of this project, readers may 
wish to consult Project Document 4 - Environmental Management in a Global Mining 
Company (see Vol.3 PD4). A summary and discussion of this work is provided in the 24 
month dissertation (see Vol.4 6MR4). Readers may also find the following EngD Conference 
Paper helpful: “Implementing Change - Gaining Commitment and Putting an EMS into 
Operation” (see Vol.4 PP2).
1.2.2.1 Summary
The objective of this second project was to identify how the Borax group could introduce 
improvements in its environmental management programme. Specific themes were developed 
for investigation in this work. They include the purpose and benefits of sound environmental 
management, the different approaches which exist and their advantages and disadvantages. 
Once these themes were reviewed fieldwork was carried out to generate an understanding of 
the operations and the specific issues faced at each operating location.
The final report comprised the following areas:
1. The purpose and benefits of an environmental management system
2. The environmental management system standards
3. Review of existing company structures and activities in Argentina, France, the 
Netherlands, Spain, the UK and the USA.
4. Environmental performance reporting requirements
5. Recommendations for implementing an environmental management system throughout 
Borax
In addition, a paper discussing the change process itself was produced, reflecting on the 
mechanisms and processes for managing strategic change in use, illustrated in Figure 3.
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Figure 3: Mechanisms and Processes for Managing Strategic Change3
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1.2.2.2 Discussion on *.Environmental Management and Reporting’
Borax is still in the early stages of deploying formal environmental management systems, but 
is already learning much about how best to manage the process. Those involved feel that 
early commitment by senior management and group involvement in that decision were 
successful. However, the group continues to learn how to accelerate its decision making 
process without diminishing the quality and durability of the decisions taken.
Examples will include delegating responsibility for investigating options to members o f the 
team who can then report back with proposals to the group, rather than the entire group 
starting from first principles and struggling through the process together. Improving the 
visible involvement of corporate leadership remains a priority, since the leader o f an 
organisation will represent those activities which are core to the organisation and those which 
are not, more than any number of procedures and systems.
It is possible to draw a number of conclusions which are relevant beyond the specific 
circumstances of this particular example. Borax have learned through their experience thus 
far that culture and communication remain the most significant obstacles to progress in a 
multi-national organisation, particularly where different cultures have different priorities 
within the framework of an environmental management system. It may be that it is not 
possible for Borax to implement a group-wide system which works at each operating location, 
yet there may be generic aspects of systems which should be adopted throughout the group - 
methodology for determining environmental significance being critical.
The attributes of the champion for the project - excellent communication skills, wide ranging 
experience within the organisation with relevant knowledge of other operations in the 
business sector, knowledge of EHS issues from an operations and a corporate perspective, 
and credibility with those who needed to be persuaded of the benefits - may be important in 
any organisation attempting to change direction and culture regarding environment, health 
and safety.
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1.2.3 Environmental Impacts from Energy and Logistics in Borax Europe Progress
This area of activity represents the historical throwback to the original programme of work 
(see Section 3 - supplemental) which intended to use the final two years developing clean 
technology and life-cycle-assessment methodology using Borax operations as case material. 
The first planned project in this theme required a review of the environmental impacts of the 
energy and logistics sectors of the European operations of the Borax Group.
For a full account of the objectives, findings, and conclusions of this project, readers may 
wish to consult Project Document 5 -  Energy, Operations and Logistics (Vol.3 PD5). For the 
purposes of this report a summary of the findings and conclusions will be presented.
1.2.3.1 Summary
The study comprised the following elements:
1. Context for the study and an overview of the issues
2. The quantitative data available from existing records and additional data needed for the 
study
3. The environmental consequences of energy production and consumption in the European 
Union
4. The environmental consequences of logistics in the European Union
5. Global and European Union environmental policy measures and developments
6. Energy reviews and inventories for each Borax Europe operating location based on 
primary data
7. Logistics reviews and inventories for Borax Europe distribution functions based on 
primary and secondary data.
8. Analysis of the energy and logistics inventories for environmental impacts
9. Recommendations for future actions
1.2.3.1.1 Background
As the ISO 14001 systems being implemented across the Group develop, it is becoming clear 
that effective environmental control and improvement is dependent, in great part, on focusing 
effort on those areas where most environmental benefit can be realised, i.e. on the 
‘significant’ environmental aspects. As development of the systems has progressed it has 
become increasingly apparent that a number of issues are significant across the Group.
In the case of Borax Europe operations there are, it is suggested, four main areas of activity 
that would need assessing for environmental significance. The majority of chemical 
processing within Borax Europe takes place at Borax Franfais, which produces boric acid 
using borate mineral and sulphuric acid. The rest of the European operations are concerned 
with receiving bulk shipments of borate from either the US mine or the Argentinean mines 
and then carrying out materials processing in the form of milling, grinding or granulating. 
Thence the product is packed and shipped on to customers or secondary stock-points.
The environmental aspects connected with these operations include: energy consumption, the 
use of packaging and any subsequent recovery or re-use, the environmental burden associated
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with the European logistical activities, noise exposure, dust production and dust exposure. 
These are the environmental issues that are relevant to all the European manufacturing 
activities.
The purpose of this study has been to determine a baseline for energy consumption and 
distribution in Borax Europe and the environmental burden associated with these variables.
1.2.3.1.2 Findings
It should be emphasised to readers that the figures presented in this report are highly 
aggregated. Readers interested in a more thorough breakdown will find the source data for the 
findings and recommendations in Section 5 of Project Document 5 -  Energy, Operations and 
Logistics -  (see Vol. 3 PD5).
In summary, however, the energy inventories showed that Borax Europe consumed 
73,866,600 kWh of energy in 1996, the majority of this consumption (81%) by Borax 
Frangais, and the dominant energy source being gas (82%) for boilers.
The logistics inventories showed that Borax Europe logistics shifted 461,684.424 tonnes of 
material in 1995, by the following modes:
Trans-oceanic Freighter: 180,316,428 tonne kilometres
Truck: 148,201,954 tonne kilometres
Inland Waterways Freighter: 64,716,398 tonne kilometres
Rail Freight: 45,338,085 tonne kilometres
19,307.197 tonnes of these shipments were internal, with 442,377.227 tonnes being 
shipments to customers
Environmental Impact Analysis was carried out using the PEMS 4.0 system, at the level of 
impact per unit and total impact. The functional unit chosen for Borax Europe was “1 tonne 
product shipped to customers”. The environmental impacts associated with processing and 
distribution, per tonne shipped to customers were calculated, together with calculations for 
total impact for Borax Europe in one year. The environmental categories assessed for impact 
were:
Land use, Smog, Landfill, Radioactivity, Resource depletion, Greenhouse contribution, 
Acidification, Ecotoxicity, Eutrophication, Human toxicity, Odour, and Ozone depletion.
The following table summarises the total burdens on a per tonne basis and in total for Borax 
Europe in 1995/6.
Table 1: Summary of Environmental Burdens, Per Tonne and Total, Borax Europe, 
1995/6.
Land Use (m2) 15.38693619 6806830.162
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Smog (kg NOx) 0.580116446 256630.3047
Landfill (dm3) 0.691714836 305998.891
Radioactivity (kBq) 10406.99827 4603819036.0
Resource Depletion (/year) 0.575194863 254453.1085
Greenhouse (kg C02) 89.36447147 39532807.08
Acidification (kg S 02) 0.728744831 322380.1175
Ecotoxicity (m3) 0.081391589 36005.78544
Eutrophication (kg P04) 0.076797746 33973.57392
Greenhouse (indirect) (kg C 02) 8.31823042 3679795.707
Human Toxicity (kg/kg) 1.348844574 596698.1223
Odour (kg n h 3) 0.092073114 40731.04899
Ozone Depletion (kg CFC 11) 1.86364*10-6 8.244318511
Smog (kg ethene) 0.103271133 45684.79745
1.2.3.2 Discussion on Environmental Impacts from Energy and Logistics in Borax Europe
In logistics, it was concluded that on a per tonne kilometre basis, rail has the lowest 
environmental impact of the three inland transportation systems. Truck has the highest, even 
when operating at 100% utilisation. In energy the picture is less clear, although it appears that 
gas has the lowest impact, per kilowatt hour of the three sources (gas, electricity, and diesel 
oil) utilised by Borax Europe.
A number of conclusions and recommendations were made on the basis of the study. Broadly 
speaking, they were concerned with data quality and improving environmental performance. 
They were as follows:
1.2.3.2.1.1 Recommendations to Improve Data Quality
A number of issues should be resolved to improve confidence in the findings of this study
1. Improve the completeness of data
2. Carry out a review of exact logistics routes taken
3. Carry out a review of boiler characteristics
1.2.3.2.1.2 Recommendations to Improve Environmental Performance
A number of recommendations also emerge regarding environmental performance 
improvement in energy and logistics in Borax Europe.
1. Alternatives to diesel for forklift operations should be sought
2. Rail freight should be established as the most favoured option for inland logistics
3. Environmental improvement objectives should be expressed in impact terms
4. Reduction targets should be expressed on a functional unit basis
While it is important to consider the assumptions made during the analysis of the inventories, 
and the limitations of the data used, it is felt that the information contained in this study 
provides a suitable basis for the introduction of environmental performance targets for energy 
and logistics in the operations of Borax Europe.
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1.2.4 Developing a Methodology to Measure Environmental Performance for Rio Tinto 
Progress
The parent company of Borax, Rio Tinto, proposed in July 1997 that research into 
environmental burdens could be carried out at the level of the Rio Tinto Group, rather than 
being restricted to one Group company. Although Borax is a global operator in its own right, 
the diversity of activities which comprise Rio Tinto present an even wider body of case 
material for inclusion in the project. Accordingly a new project was drawn up which will 
require all the remaining programme time to approach completion.
The background to this project is discussed in greater depth in the 24 month Dissertation (see 
Vol.4 6MR4) and the reader may find it helpful to use the discussion in the Dissertation as a 
starting point for reflection on progress during the final two years. An action was then 
developed for this area of work, discussed in greater depth in the Six Monthly Report for 1st 
October 1997 to 31st March 1998 (see Vol.4 6MR5). Readers are encouraged to consult this 
document for a more complete discussion on the objectives of this work and progress during 
the initial four months of this work. For the purposes of this report a brief overview of these 
subjects will be presented, followed in the subsequent section by a review of progress during 
the last six months.
1.2.4.1 Summary
The biophysical and social effects of mining are often highly visible and the relationship 
between mining and sustainable development is not always an obvious one. The challenge to 
the mining industry is to work towards understanding and managing its environmental 
performance in a manner which is consistent with sustainable development, a process which 
may require methodologies which are very different than those already in place. The 
objective for this project is to review that relationship, and identify how progress can be 
measured meaningfully.
There are five key phases to this work:
1. Literature Review
2. Development of an environmental burden methodology for Rio Tinto based on existing 
data
3. Development of indices to allow different operations to assess their performance in 
comparison with each other
4. Validation of this methodology and indices through pilot study within Rio Tinto
5. Evaluation of progress and identification of future actions
The objective for the first four months of this study was to complete Phase 1 - the literature 
review, while the objective for the subsequent six months was to complete Phase 2.
1.2.4.2 Discussion on Developing a Methodology to Measure Environmental Performance 
for Rio Tinto
The literature review phase is reported in the Six Monthly Report for 1st October 1997 to 31st 
March 1998 (see Vol.4 6MR5), However, this phase was rewritten during the six month
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period 1st April 1998 to 30th September 1998. Readers interested in the historical evolution 
of the project may wish to review the progress reported in the Six Monthly Report for 1st 
October 1997 to 31st March 1998. However, for the purposes of this review the discussion on 
the development of the literature review will be covered in Section 2.2.1 on Literature Review 
Progress
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1.3 Aims and Objectives for the Final Eighteen Months of Study
This section will provide a brief overview of the planned activities for the final eighteen 
months of the research programme.
However, for the purposes of this report, the following action plan is presented for the final 
two years of study:
1.3.1 Action Plan for the Final Eighteen Months
A literature review of was necessary in the initial stages of the project, to gain a more 
thorough understanding of the mining and sustainable development and the methodology 
which underpins environmental burden approaches. This first phase was completed to leave 
eighteen months to complete the project.
The second phase in the project is an environmental burden study for Rio Tinto - with the 
objective of developing a methodology for measuring the environmental burden of Rio Tinto 
operations. If data permit, it is hoped to develop an environmental burden for the Group. It is 
envisaged that process data, energy requirements, inventories of global reserves of abiotic 
resources, appraisal of local biological diversity, specific emissions data, land rehabilitation 
data, as examples, will all be needed in this study. Also, classification data to determine the 
potential environmental effect associated with a specific pollutant from activities will be 
necessary.
After the data requirements are agreed and set, then data collection will commence. The 
duration of this activity will depend very much on how much data already exists. Should 
existing data be insubstantial then the breadth of the study may have to be reduced - 
comparing two specific sectors of Rio Tinto rather than attempting to include the entire Group 
may be a possible strategy. The data quality will be assessed and then the data will be 
characterised according to the various environmental burden themes. Totals for each theme 
will be calculated by operation and in aggregate.
The third phase is an investigation into the various techniques available to index the findings 
of an environmental burden study and their compatibility with sustainability. The 
interpretation phase will follow, requiring a comparison of the values for environmental 
burdens for each operation when indexed against added value and when indexed against 
alternatives such as distance-to-target, for example.
The fourth phase will be a validation phase to test whether or not the indices and 
environmental burden methods can be implemented in the Group successfully. The findings 
of the study will then be reviewed, with an assessment of the differences in outcome in the 
eco-imprint assessment for Rio Tinto associated with using economic and non-economic 
indices for comparing burden data between operations. Whether the findings for the Rio Tinto 
group can be applied to industry as a whole will then be evaluated and discussed.
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2. Six Monthly Progress
2.1 Aims and objectives for the six month period 1st April to 30th September 
1998
The objectives for the six month period 1st April to 30th September 1998 were five-fold:
1. Revise the structure and content of the literature review to allow the issue of mining and 
sustainable development to become a more central theme
2. Develop a methodology to allow the environmental burden of Rio Tinto operations to be 
indicated
3. If data permits, carry out an environmental burden analysis for Rio Tinto
4. Complete modules for Risk Management, Marketing, and Financial Management
5. Prepare a paper on Mining and Sustainable Development for the Annual EngD Conference
Progress has been made towards meeting these objectives. At this stage, data for three of the 
ten themes covered by the environmental burden work are still being collated, but all of the 
other objectives have been realised. Review sessions during the period have been held on 
24th April and 8th September.
Progress Review 6 -Six Monthly Review o f  EngD Progress: 1st April to 30th September 1998
6MR6. 18
2.2 Progress during the Six Months 1st April to 30th September 1998
2.2.1 Literature Review Progress
In the previous Six-Monthly Report (1st October 1997 to 31st March 1998) the literature 
review was described as being organised into two sections. The first focused on 
environmental performance measures development, while the second focused on mining and 
local community sustainability issues. This format has been revised, and the content updated 
to allow sustainable development and mining to become the central theme, with local 
community issues and environmental performance indicators positioned with reference to this 
core.
The literature review now has seven themes, which are:
1. Why develop indicators of performance?
2. Sustainable development and mining
3. An introduction to the need for, the function of, and the features of environmental 
indicators
4. Organising environmental indicators
5. Industrial development of environmental performance indicators
6. Environmental performance indicators in the context of Rio Tinto
7. The challenges in applying the environmental indicators in Rio Tinto
These seven themes are preceded by an introduction to the work, interspersed with 
discussion, and succeeded by conclusions which lead onto the next phase of work, 
environmental burden methodology. This structure is seen as providing a more logical 
progression from the motive for developing indicators to the application of indicators. It was 
not until the central relationship and tensions between mining and sustainable development, 
and its many dimensions, had been evaluated that the need for environmental performance 
measures could be clearly understood and the methodology developed.
2.2.2 Environmental Burden Methodology Progress
Once the literature review phase was concluded, work could commence on the core activities 
in this six monthly period related to environmental burden. The main objective here has been 
to develop a methodology which will allow Rio Tinto to use the data available within the 
Group to measure its environmental performance in a meaningful way. One of the key issues 
to come out of the literature review phase was the tension between global measurement and 
local sensitivity. A number of themes depend very much upon local circumstances to 
determine the level of impact they are likely to have.
With this in mind, and based on the findings of the literature review phase, a set of 
performance indicators was established for the Group, covering the following themes:
• Resource Depletion
• Water Resources
• Energy
• Global Warming
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• Acidification
• Toxicity
• Land Use Change
• Biodiversity
• Sedimentation
• Dust
For the purposes of this review, and overview of the work will be presented. For each of the 
themes under consideration a rationale for inclusion as an indicator was presented - i.e. their 
relevance as an indicator of environmental performance, and their relevance to mining.
So for global warming, for example, the issue is of global interest and is included in many 
national and international programmes (e.g. the Australian Greenhouse Challenge and the 
Kyoto Climate Change Convention) so is a relevant indicator of environmental performance. 
Mining operations such as aluminium smelting release gases with the potential to contribute 
to global warming, and through direct electricity generation and the use of heavy haul 
equipment release gases contributing to global warming arising from fossil fuel combustion. 
Also, through the use of electricity purchased form utilities mining will also contribute 
indirectly to the production of gases known to contribute to global warming. Thus the 
indicator is both relevant to the environment and relevant to mining.
For two themes in particular it has been decided to draw on the knowledge of the operations 
within Rio Tinto to help develop appropriate indicators - biodiversity and land use changes. 
Richards Bay Minerals are assisting with biodiversity and Richards Bay are assisting with 
land-use issues. Once the indicator themes were established data was sought to determine the 
contribution made to these themes by the various operations of Rio Tinto. As discussed 
earlier, in addition, local information would also be required to establish local sensitivity to a 
particular theme.
To summarise - the data availability throughout the group was of varying quality. 
Nonetheless, it was possible to identify a methodology which will allow the Group to develop 
indicators of its environmental performance. For aquatic toxicity, for example, in the absence 
of site specific data on sensitivity, it may be possible to utilise environmental quality 
standards for various water systems to establish an indicator of sensitivity which can be used 
in conjunction with emissions data to establish potential aquatic ecotoxicity arising from a 
specific operation.
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The following table illustrates the outline for an environmental burden framework for Rio 
Tinto
Table 2: Rio Tinto Environmental Burden Framework and Gap Identification
Direct Resource 
Depletion
Extraction Rate Economic reserves of 
resource for the operation, 
Rio Tinto, and for the 
world.
Total Resource B ase for 
the resource for the 
operation, Rio Tinto, and 
for the world.
Extraction rate as % of 
economic reserves and 
total resources for 
operation or commodity 
group, or Rio Tinto, 
related to reserves and 
total resources
This is possible using 
existing available information 
for most operations
Water Use Freshwater 
abstraction, poor 
quality water 
abstraction, 
impounded water 
use, recycled water 
use
Reciprocal of ratio of local 
precipitation/ evaporation 
to all land precipitation/ 
evaporation
Weighted water usage  
data (weighted 
according to water 
availability)
This requires local 
information on precipitation/ 
evaporation. Indicator 
information can be obtained 
from world climate maps
Energy Use Energy consumption 
broken down into site 
generation and utility 
supplied
Distribution efficiency Total energy 
consumption and 
required total energy 
production
This requires data from 
energy com panies or public 
domain studies in the 
absence of utility data
Global Warming Greenhouse gas  
em issions data
Potency factors, utility 
efficiency data, energy mix 
data, greenhouse gas  
production associated with 
different energy sources
Total potential direct 
and indirect contribution 
to global warming (kg 
C 0 2 equivalent)
S e e  Energy U se
Aquatic
Acidification
R eleases to aquatic 
environment of 
materials known to 
contribute to aquatic 
acidification
“Critical Acidification Load” Critical acidification load data 
does not exist in the Group. 
Alternatives are being 
identified
Atmospheric
Acidification
Acid gas em issions 
data
Potency factors, utility 
efficiency data, energy mix 
data, acid gas production 
associated with different 
energy sources
Total potential direct 
and indirect contribution 
to atmospheric 
acidification (kg S 0 2 
equivalent)
S e e  Energy Use
Aquatic Ecotoxicity R eleases to aquatic 
environment of 
materials known to 
contribute to aquatic 
ecotoxicity
In the absence of local 
potency factors, reciprocal 
of local environmental 
quality standards, related 
to reference material
Total potential 
contribution to aquatic 
ecotoxicity (kg copper 
equivalent)
This requires local 
Environmental Quality 
Standards in the absence of 
local potency/ sensitivity data
Suspended Solids Total releases of 
suspended solids
None yet Total releases of 
suspended solids
This is possible using 
existing available information 
for most operations
Dust Total particulate 
releases from point 
sources
None yet Total particulate 
releases from point 
sources
This is possible using 
existing available information 
for m ost operations
Physical Eco­
system  change
work-in-progress
Species work-in-progress
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2.2.3 Environmental Burden Analysis Progress
It has been possible to establish that sufficient information exists within the group to allow an 
environmental burden to be established. However, it has also been established that the data 
currently held at Group level is insufficient to allow an environmental burden to be 
completed. This is disappointing. However, phase 4 of the work - validation - will endeavour 
to obtain enough information from pilot operations to demonstrate the effectiveness of the 
methodology.
2.2.4 Coursework Progress
All coursework is on schedule:
Risk Management 1st June 1998 1st June 1998
Marketing Management 24th August 1998 24th August 1998
Financial Management 30th October 1998 Not yet. No delay is expected.
2.2.5 Conference Paper Progress
The conference paper was submitted on schedule, titled, “In for the Long Haul - Mining and 
Sustainable Development”. A copy is included in the portfolio (see Vol.4 PP1).
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2.3 Aims and Objectives for the Next Six Months 1st October 1998 to 31st 
March 1999
The core objectives for the period 1st October 1998 to 31st March are to carry out phase 3 of 
the project - Indices Development - and to initiate phase 4 of the project - Validation.
The objective of phase 3 is to identify indices which can be used to complement the data 
gathered in the environmental burden analysis. The environmental burden methodology aims 
to identify the total potential environmental burden from different operations which can be 
aggregated for the group. Indices are needed to help operations compare their performance 
with each other. For example - even though one operation has a higher total across all themes 
than another, its relative performance may be better. I.e. its burden per unit output, or burden 
per tonne of material moved, or burden per $ added value, for example, may be much lower.
Added value, material moved, and unit output are indices which can be used to compare 
performance. The objective for this section will be to determine which indices are meaningful 
for a mining company committed to sustainable development. It is anticipated that the indices 
in already considered will not adequately reflect performance in terms of sustainability. This 
phase is scheduled to run from 24th September 1998 to 24th December 1998.
Once phase 3 is complete phase 4 will commence. The objective of phase 4 is to validate the 
methodology proposed during phases 2 and 3. Phase 2 will propose the data needed for 
environmental burden, phase 3 will propose the data needed to index the environmental 
burden, phase 4 will attempt to validate the extent to which data exists to fulfil these needs, 
and the helpfulness of the results of these analyses. At this stage it is proposed that the use of 
pilot studies will be the most effective way to do this. Operations which are multi-site and 
multi-national, such as Borax, may be helpful here, in that the activities of each site vary, and 
local sensitivity to the activities varies - allowing the full scope of the methodology to be 
tested on a limited scale. Operations such as Talc de Luzenac may also be helpful here. This 
phase of the project is scheduled to run from 24th December 1998 to 15th April 1999.
In addition to these core objectives there will also be academic commitments during this time 
period. A ‘Talking to the Media’ course is scheduled for the week of the 26th October 1996, 
and it is possible that an ‘Environmental Economics’ course will be scheduled in early 1999.
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3. Supplemental - Original Programme Specification (1995)
‘This four-year programme is intended to support the development of environmental 
management policies and practices and policies in Borax, and to investigate the possibilities 
of applying the Clean Technology approach in some of the Borax operations. The programme 
contains a number of projects which are distinct but form a sequence of activities which will 
provide excellent broad experience for a Research Engineer and will also form a suitable 
basis for a final Portfolio.
A. Boron in the Environment
The environmental impacts and final fate of boron from anthropogenic activities will be 
examined and quantified, using appropriate pathway modelling and eco-toxicological 
assessment techniques. This area requires two levels of approach: a general ‘globalised’ 
examination of boron use and emission, and local analysis of boron flows and distributions in 
a specific river system.
B Environmental Management and Reporting
Given its multinational operations, Borax has a long-term programme of developing
approaches to environmental management and reporting which can be applied throughout the 
Company, for example to demonstrate the year-on-year improvements in environmental 
performance required for external certification (e.g. under EMAS in Europe). This area of 
work would require review of different areas of the Company’s activities, including 
environmental audits of specific plants.
C. Clean Technology and Life Cycle Assessment
As a starting point, a Life Cycle Assessment (LCA) of a specific processing operation will be 
carried out, in order to identify the major environmental interventions, and where they arise, 
and to provide a basis for internal comparisons of different processes and plants within 
Borax. The ‘Clean Technology” approach will then be applied to review how the 
environmental interventions might be reduced along with operating costs, for example, by 
containing and reusing water or avoiding its use in material handling.’
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